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Abstract 
 
The green agenda has been much to the fore internationally and has particularly had an 
influence in Republic of Ireland (ROI) where there are ‘green’ ministers in Government. 
Mr. Eamon Ryan who is the Minister for Communications, Energy and Natural 
Resources has particularly championed the idea of self generation. The author’s interest 
in the subject matter is to investigate the up-take of micro-generation and determine the 
likely short term future along with the grid tie standard i.e. EN50438. 
 
Issues surrounding micro-generation are considered from the international and national 
perspective and from a customer and generation utility point of view. The market for 
micro-generation in the ROI is examined and particularly the tariffs offered for export. 
 
Two case studies are investigated; a micro-Combined Heat and Power (CHP) unit 
operational since early 2008 and a micro-wind unit which has become operational since 
February 2010. Type certification issues with Chinese manufactured wind turbines are 
discussed backed up with case studies from Northern Ireland (NI). 
 
The principal methods of investigation were by researching, particularly by discussion 
(qualitative means) with key stakeholders in the ROI and United Kingdom (UK) and by 
research of the relevant literature. In addition, an analysis of the performance of a 
photovoltaic (PV) inverter located at DIT was carried out (quantitative analysis).  
 
Micro-generation has important role to play from a national and international 
perspective in reducing dependence on central generation and in Green House Gases 
(GHG) reduction strategies. EN50438 has a role in ensuring the safe connection of grid 
tied micro-generation and has been adopted by Electricity Supply Board Networks 
(ESBN).  
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1.0 Introduction 
As outlined in the abstract the author’s interest in the subject matter is to investigate the 
up-take of micro-generation and determine the likely short term future along with the 
grid tie standard i.e. EN50438. Micro-generation has only begun to have any impact in 
ROI in terms of the up-take of the technology in the residential sector. Micro-CHP has 
previously been popular in the commercial sector for some years using gas fired 
generation. These generators were particularly installed in leisure centres, large hotels 
and hospitals where there is a relatively large year round demand for heat. The intent of 
the research is to examine the domestic residential micro-generation sector and its 
possible impact on the utility grid; this market is presently extremely small in the ROI. 
 
Chapter 2.0 investigates the literature available on micro-generation both from a 
national and international perspective and will look particularly at literature from the 
UK, Portugal and ROI. The issues investigated are predominantly technical issues 
associated with micro-generation adoption particularly from the utility operator’s point 
of view.   
 
Chapter 3.0 details the methodologies used and the specific aims and objectives of the 
research. The methodologies throughout the research will be primarily qualitative in 
nature though some quantitative methods will also be adopted. The aims and objectives 
are intended to orient the research in the proper manner. 
 
Chapter 4.0 considers the evolution of EN50438 and discusses the adoption of EN50438 
in the context of ROI. The chapter also discusses type certification issues which were 
encountered in the course of the research with respect to Chinese manufactured micro-
wind turbines. Potential issues in respect of certification and quality were examined 
from the learning’s of a NI study of both Chinese and United States (US) manufactured 
systems and input from a ROI micro-wind supplier. 
 
Chapter 5.0 examines the 40% transformer capacity limit which is currently in place 
with respect to micro-generation connections. As part of the examination, several 
submissions from stakeholders and interested parties have been taken into consideration  
(CER, 2006b).   
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Chapter 6.0 analyses the efficiency of an inverter which is part of a PV system installed 
on the DIT campus in Kevin St, Dublin 8; this is approached from a quantitative 
research point of view. The purpose of the analysis to examine the claims with respect 
to the efficiency of the German manufactured inverter as detailed on its specification 
particularly with respect to its quoted European Weighted Average Efficiency (EWAE).  
 
Chapter 7.0 details a case study of a micro-CHP unit installed in commercial premises 
which had been operating since early 2008 and discusses issues surrounding Power 
Factor (PF) during its installation and operation. 
 
Chapter 8.0 details a case study of a micro-wind unit installed in a rural location which 
has only been operating since February 2010 and discusses its connection to the local 
grid by local Electricity Supply Board Networks personnel. 
 
Chapter 9.0 draws conclusions from the research and details recommendations for 
further work and study flowing from the research. 
 
In order to contextualise the research one needs to understand the where the micro-
generation began in ROI and how it’s constituted from a technology point of view. The 
current micro-generation market is predominantly micro-wind which got its impetus 
from the establishment of wind farms in the ROI. There were however, issues with the 
connection of grid tie micro-wind generators and these were simply that ESBN were 
extremely reluctant to connect them and the procedures involved were onerous and 
expensive for the owners of the micro-wind turbines. This situation has eased due to the 
adoption of EN50438 and the prior acceptance of  ER G83 (up-dated in 2008) by ESBN 
(EN50438, 2007; ER G83/1-1, 2008). The majority of micro-wind technology is grid tie 
with a minority of the micro-wind turbines being off grid. 
1.1 What is Micro-generation 
It is useful to examine the definition of micro-generation and see where it fits with other 
definitions that exist for Distributed Generation (DG), Embedded Generation (EG) and 
Small Scale Embedded Generation (SSEG). These terms tend to be used somewhat 
interchangeably throughout the literature which can lead to reader confusion.  
 
3 
MSc Renewable Energy and Energy Management (1236)                                                                Liam Murphy (B00456689) 
Specifically, EN50438 defines the technical requirements for connection and operation 
of fixed installed micro-generators and their protection devices, irrespective of the 
micro-generators primary source of energy, in parallel with public low-voltage 
distribution networks (EN50438, 2007). 
 
Micro-generation Micro-generation can be defined as generation connected to the 
distribution network having a capacity below 50kWe as per the UK Energy Act 2004 
and consistent with EU directive 2004/8/EC (EU, 2004). 
 
Micro-generation (ROI) Micro-generation is defined as per EN50438; this is 25A 
(5.75kWe), when the distribution network connection is single-phase and 16A when the 
distribution network connection is three-phase (11kWe) – all at low voltage (LV). 
Throughout the majority of countries in Europe single phase is limited to 16A.  
 
Distributed Generation  Distributed Generation (DG) can be defined as generation 
that can be connected at distribution system voltage level. Some definitions attribute a 
size range from 3 – 50 kWe. 
 
Embedded Generation  Embedded Generation (EG) can be defined as generation 
connected to a distribution network without having direct access to the transmission 
network. Some definitions attribute a size range from 50 – 100MWe 
 
Small Scale Embedded Generation  Small Scale Embedded Generation (SSEG) 
can be defined as generators connected in parallel to the LV distribution system level at 
16A per phase, as per engineering recommendation G83/1 in the UK. If the connection 
is over 16A per phase then the connection comes to be defined as embedded generation 
and the connection is governed by ER G59/1. 
 
 
There is no universally acceptable definition for micro-generation across the literature 
as it seems to be dependent on, for example, country of operation, technical 
specification and size of the generators concerned; due to this, there is significant 
blurring of boundaries. There is also the difficulty of connection in deciding when 
generators can run on or off grid or both.  
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However, the definition is clear regarding SSEG in the UK, both ER G83/1and 
EN50438 are very prescriptive as to the definition of micro-generation.  
 
The common thread they all seem to share is that, they are not centrally despatched and 
all are connected to the distribution system. This poses difficulties when discussing 
micro-generation as the comparisons may not be the same between different studies or 
countries; all the more so when looking at micro-generation as defined outside of 
EN50438. As far as this literature review is concerned, the focus will be on the ROI but 
will draw on other literature from other signatory states to EN50438 in particular the 
UK and Portugal with a cursory look at Denmark. The scope of the literature review 
will therefore encompass the wide variety of definitions used for micro-generation but 
will ultimately deal with the definition used in EN50438.  
 
The literature review will consider future developments relating to the integration of 
micro-generation into the grid structure in a more meaningful way than currently is the 
case e.g. micro-grids. A micro-grid could be defined as a LV distribution network with 
distributed energy sources (micro-turbines, fuel cells, PV, diesel, etc.) altogether with 
storage devices (flywheel, batteries, etc.) and loads. These systems could be operated, 
either interconnected to the main grid or either isolated from it, by means of a local 
management system with a communication infrastructure allowing control actions to be 
taken following any given strategy and objective (Laresgoiti et al., 2007). 
 
The current market in ROI is in an incipient stage overall and hence, the very poor 
levels of penetration at present, this will be detailed later in the research. The standard 
EN50438 facilitates residential or domestic customers to become electricity suppliers or 
simply reduce their own demand.  
 
In examining micro-generation two factors need to be understood – 
 
a. The electricity networks were built to transport electrical energy from a 
relatively small number of large, centralised power stations to a very large 
number of distributed loads. Power flows were essentially unidirectional - from 
centralised generator to distributed load. The electrical grid was never designed 
for multi-directional power flows especially at the LV level. 
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b. The connection of an appreciable amount of distributed or embedded generation 
has consequences of a technical and economic nature for the grid as a whole and 
all users connected to it at all voltage levels. 
 
For example, in Denmark, the distribution networks had to be adapted to integrate the 
large quantity of relatively small DG units as these networks were not designed to cater 
for the multi-directional power flows that accompany the embedding of dispersed 
generation plants such as wind farms. These typically connect at medium voltage (MV) 
levels on the distribution network but are still indicative nonetheless that DG has 
already been successfully integrated into the Danish grid system. According to Bloem 
(2007), most studies confirm that the electricity network can easily absorb 10 – 15% 
penetration of DG without requiring major structural changes, although integration 
needs to be carefully controlled.  According to Thomson (2008), as the quantity of 
generators connected increases their effects on the system will become more 
appreciable and this effect will be pushed upwards from the LV to MV and even high 
voltage (HV) levels.   
 
According to Van Gerwan (2006), some typical technical issues that need to be 
considered are  -  
  
 voltage profiles change along the network, depending on how much power is 
produced and consumed at that system level, leading to a behaviour different 
from that of a typical unidirectional network 
 voltage transients will appear as a result of connection and disconnection of 
generators or even as a result of their operation 
 short circuit levels are increased 
 load losses change as a function of the production and load levels 
 congestion in system branches is a function of the production and load levels 
 power quality and reliability may be affected 
 partial isolation, or islanding, of portions of the grid  may increase 
 increased numbers of DG units may lead to increased grid losses 
 utility protection and DG protection measures must be co-ordinated
6                                                                                         
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2.0    Literature Review 
2.1 Irish Literature  
One of the key drivers for development in this areas was legislation particularly where 
ROI has a set target of deriving 13.2% of electricity from renewable sources by way of 
EU Directive (EU, 2001). Another EU Directive, (EU, 2003) placed obligations on 
Member States and their network operators in terms of their treatment of EG. Following 
these directives, Sustainable Energy Authority of Ireland (SEAI) commissioned a study 
(PB Power, 2004) to consider the costs and benefits of EG in ROI; whilst is looked 
primarily at the MV distribution network level there was also discussion of micro-
generation at the LV level. Like the Mott McDonald (2004) study in the UK it looked 
both at the technical and economic aspects of EG but differed in some respects as ROI 
is much smaller than the UK and the bulk of the distribution network is rural in nature. 
On the technical aspects five types of distribution networks were identified and the 
principal characteristics analysed were –  
 
 Primary substation and feeder voltages 
 Type of network (i.e. overhead or underground) 
 Installed primary substation and distribution transformer capacity 
 Load supplied (or load density) 
 Area of supply 
 Feeder physical characteristics (i.e. numbers and lengths of trunk, spurs and stub 
circuits) 
 Voltage control facilities               Source: Extracted from (PB Power, 2004) 
 
One of the key findings from the study related to micro-generation was - 
 
‘In the longer term embedded generation provides an offset to technical losses, 
voltage support requirements and potential overloads that would otherwise be 
evident due to system load growth. This will effectively allow offset of capital 
expenditure on voltage support and system reinforcement’ 
 
 
7                                                                                         
MSc Renewable Energy and Energy Management (1236)                                                                 Liam Murphy (B00456689)                                                                                         
Table 2.1.1 gives the indicative losses in the ROI electricity system. MV substations 
and LV network represents almost 35% of the overall transmission/distribution system 
loss; if the MV network loss is included, this figure jumps to just over 50% of the 
overall system loss (PB Power, 2004). This highlights one of the major benefits of EG 
both in terms of its potential to avoid load related capital expenditure and to offset 
energy loss costs. 
          Table 2.1.1 Indicative Losses in the ROI Electricity System 
Network Loss % 
Transmission 4 
110 kV Stations 0.6 
38 kV Network 1.6 
38 kV Stations 0.8 
MV Network 2.5 
MV Substations 1.6 
LV Network 3.4 
Total 14.5 
      Source:(PB Power, 2004) 
 
The study’s conclusions in general were supportive of the connection of EG both at the 
LV and MV levels and suggested that they should be no major issues in managing the 
integration of EG though further studies were suggested to enable ESBN to fully 
understand any issues that may arise over time. 
 
The Commission for Energy Regulation (CER) is the regulator for the electricity and 
natural gas sectors in ROI and was initially set up in 1999 but its role and functions 
have expanded since then. The CER produced a consultation document in October 2006 
in which they looked for submissions from interested parties in relation to micro-
generation; thirty submissions were received which ranged from the Distribution 
System Operator (DSO), ESBN, Eirgrid and an electricity supplier, Airtricity; other 
organisations and individuals also provided submissions (three respondents did not wish 
their submissions to be published).  It was proposed in the consultation document that 
the ROI adopt the then draft standard of EN50438 (CER, 2006a). Subsequently in 
November 2007 the CER published their decision and responses to specific issues in the 
submissions received (CER, 2007). In summary, CER decided to accept the draft 
standard of EN50438 with some variation in respect of specific settings for the ROI 
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situation e.g. trip settings and clearance times with respect to specific parameters such 
as frequency and voltage and specifically Loss of Mains (LoM) protection. Annex E of 
the standard indicates countries which allowed the scope of the standard to be extended 
to greater than 16A for single phase connections; ROI was one of those countries.  
  
A modelling exercise with respect to micro-winds units as applying to the ROI grid was 
conducted by Conlon and Sunderland (2008). This paper gave an overview of the 
situation pertaining to micro-wind and looked at the technical aspects of SSEG. The 
ROI grid was modelled for power flows using Excel and MATLAB© under various 
generation scenarios to investigate the arbitrary 40% limit imposed by ESBN. Its 
conclusions suggest that the modelled representative ROI grid can accept almost 100% 
of customers with 1.1kVA micro-generation at minimum load of 0.16kVA per customer 
(which is considered a pessimistic loading level) without exceeding the maximum 
voltage excess of +10%. 
 
Another modelling exercise was carried out using data from a real network in suburban 
Dublin by Keane and Richardson (2009). The micro-generation units were rated at 
1.2kWe and were located at each house i.e. 100% penetration. The conclusion was that 
voltage levels can breach the network constraints only under extreme conditions of 
minimum load and maximum generation. In addition, exceeding voltage limits is shown 
to become a much greater concern when the network is operating in contingency 
situations.  
 
In September 2008, ESBN made a presentation at an open day in relation to micro-
generation from an ESBN perspective which included the trial rollout of smart metering 
(Hearne, 2008b). The advent of engineering recommendation G83 in the UK was 
discussed with the assertion that the wording and content of G83 was practically 
identical to EN50438. In the very initial stages ESBN accepted units certified to G83 
but currently indicate that they will only accept generators conforming to EN50438 
(O'Connor, 2010).  
 
In December 2008, ESBN made a presentation in Nice to the Electric Power Research 
Institute in relation to ESBN’s strategy with respect to EG; the focus of this was 
primarily on wind power connected at the MV level (Hearne, 2008a).  
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The presentation indicated that by 2020 one third of all electricity delivered by the 
Electricity Supply Board (ESB) would be supplied by renewables and €6.5 bn will be 
spent on facilitating smart networks, smart metering and network upgrades. A 
sustainability strategy was also outlined for the future which included the development 
of an active and intelligent network, see Fig. 2.1.1 following – 
 
 
        Source:(Hearne, 2008a) 
           Figure 2.1.1 ESB Sustainability Strategy 
If the network progresses along these lines then one has to consider how SSEG will fit 
into this situation regarding its connectivity to the network and control by same; it 
seems that micro-grids could offer the solution in order for SSEG to be meaningful in 
network terms by being represented as a Virtual Power Plant (VPP). The presentation 
also indicated the number and amount of EG connected to the network as of December 
2008, see Fig. 2.1.2 below - 
 
         Source:(Hearne, 2008a) 
Figure 2.1.2 MV Network Connections by MW and Number (Dec 08) 
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Subsequent to the CER’s decision in 2006 the DSO developed conditions for the 
connection and operation of the micro-generation according to EN50438 (ESBN, 2009) 
and in February 2009 the Minister for Communication, Energy and Natural Resources, 
Mr. Eamon Ryan, announced pilot trials for approximately fifty generators utilising 
renewable technologies through part funding from SEAI - a Feed In Tariff (FIT) of 
19c/kWh was also announced at the same time (Melling, 2009).  
 
Initial FIT 
The tariff has two elements; one from Electricity Supply Board Customer Supply 
(ESBCS) and the other from ESBN – these payments are to be paid annually. ESBCS 
will pay 9c/kWh for all exports. ESBN will pay 10c/kWh for the first 3,000 kWh of 
annual export; this applies to the first 4000 micro-generators connecting in the three 
years from date of announcement, the tariff is payable over five years. The FIT unit 
rates are based on the wholesale rather than retail unit prices and may be subject to 
change in the future.  
 
Note: ESBCS 24hr tariff unit retail rate for an urban and rural residential customer is 
16c/kWh  
 
Maximum ESBN = €0.10 x 3,000 = €300 p.a   
plus 
ESBCS = €0.09 x all exported units   
 
The majority of the pilot sites in question were only commissioned in December 2009 
and will not have full data available until the end of 2010 (McCarthy, 2009). ESBN 
have also developed a web site to help customers familiarise themselves with their 
micro-generation requirements (ESBN, 2010a) and also to make customers familiar 
with the ‘inform and fit’ principle as outlined in EN50438 (ESBN, 2010c). 
 
A workshop presentation was made by ESBN  as to the status of micro-generation in 
ROI (Hearne, 2009). Fig. 2.1.3 shows the amount of applications for micro-generation 
connections (ESBN, 2010c) that ESBN have received up to September 2009 which 
shows a marked increase over the 2008 figures. 
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Source:(Hearne, 2009) 
Figure 2.1.3 Micro-Generation Customer Notifications (Nov 09) 
 
The types of micro-generation which is referred to in Fig. 2.1.3 are further detailed in 
the following Fig. 2.1.4 where it can be seen that the major source of micro-generation 
is based on micro-wind.    
 
 
Source:(Hearne, 2009) 
Figure 2.1.4 Types of Micro-generation in ROI (Nov 09) 
12                                                                                         
MSc Renewable Energy and Energy Management (1236)                                                                 Liam Murphy (B00456689)                                                                                         
2.2 International Literature 
There are a host of international studies available which look in detail at most of the 
issues outlined utilising systems modelling with varying levels of connected micro-
generation and differing demand profiles. A decision was made to focus closely on 
Portugal and the UK to examine their experience with micro-generation. Electricity 
consumption in Portugal is approximately 49,000GWh (Cabal et al., 2005) whereas for 
ROI the figure is approximately 26,000GWh (CSO, 2009).  
2.2.1 Portugal 
A study by Madureira and Pecas Lopes (2008) examined the issues of voltage control 
particularly, micro-grid voltage control. The study, using network simulation proposed 
new control strategies which would enable DG to offer coordinated voltage support 
through reactive power control. Currently, voltage support is a de-centralised control 
function and the paper looked at developing a new hierarchical control strategy which 
would take full advantage of DG; this control strategy was modelled using an Artificial 
Neural Network (ANN) and MATLAB©. It is envisaged in the paper that a number of 
individual DG units would be linked together to form micro-grids and that these in turn 
would also be linked together into a number of micro-grids; the control strategy would 
be implemented across this architecture on the LV/MV side. The conclusion of the 
paper was that the control strategy developed was successful in coordinated voltage 
support. 
 
The Portuguese utility, Energias de Portugal (EDP) in conjunction with other partners in 
metering, communications, technology, and research are developing  the architecture of 
the smart grid (InvoGrid Project, 2008). Its deployment is supposed to bring increases in 
operational flexibility and efficiency, improvement in quality of service and decreasing 
grid reinforcement costs. Functional and technical specifications have already been 
done and the development of the hardware has started; the structure is a hierarchical one 
capable of dealing with technical and commercial information both separately and 
simultaneously. The development will be in two phases with phase one well underway – 
components are illustrated below in Fig. 2.2.1.1  
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Source:(InvoGrid Project, 2008) 
         Figure 2.2.1.1 Reference for Phase 1 InovGrid Technical Architecture 
        
 Energy Boxes (EB), as the nearest devices to consumers and producers, will 
support all metering and contractual life-cycle related services, also delivering, 
through local communications, detailed information and support messages 
exchange, and where applicable, support micro-generation management and 
control. 
 Distribution Transformer Controllers (DTC) to be housed at MV/LV substation 
level, that besides managing services and communication with EB, will operate 
as intelligent devices for transformer station control and automation, for fault 
detection and also for public light management. They will be the main intelligent 
devices at this network level. 
 Central management, energy data and Supervisory Control and Data Acquisition 
(SCADA) systems will guarantee the dispatching orders and data collection 
activities – measurements, notifications and alarms from devices, network 
monitoring and potential fraud detection, etc. Subsequently, integration with 
existing and new MDM and EDM applications will provide services 
improvement for market activities, outage management and energy balance for 
network losses characterization, among others. 
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 Communications will be present in the form of WAN, TAN, LAN and HAN, 
integrating systems and DTC, DTC and IED local devices, DTC and EB, and 
new services for consumers and producers, respectively. The main project 
choices have, as primary references, open solutions, modularity and degree of 
standardization, even knowing that there is a path to go through until the final 
communications architecture that will support all expected services. 
 
Source: Extracted from (InvoGrid Project, 2008) 
 
EDP presented its experience with micro-generation so far including plans for the future 
study of the impacts of micro-generation on the grid (Goncalves et al., 2009). During 
2008 approximately 3600 DG plants commenced the certification process and 808 
successfully completed it. Up to the end of 2008, 95% of the DG plants certified and 
connected to the LV grid were PV systems, 4% wind turbines and 1% hybrid systems. 
Two field tests were carried out by EDP of micro-turbines operating in dual mode i.e. in 
island and in parallel (one in a natural gas station and one in a swimming pool – 80kWe 
and 60kWe respectively). No issues were found of voltage or frequency disturbance 
when operating in parallel mode but significant disturbance was found when switching 
from parallel mode to island mode.  
 
A study by Fidalgo, Pecas Lopes, and Silva (2009) focused on the issue of voltage 
profile using network simulation. Data used was based on sections of the Portuguese 
network; a number of MV and HV typical networks with varying percentages of micro-
generation connected were selected. Portugal has seen an increasing percentage of its 
supply coming from renewables and micro-generation in particular. The study 
concluded that voltage profiles grow linearly with increasing levels of micro-generation 
and that active, reactive and energy losses decrease with increasing levels of micro-
generation, both due to due to a decrease in load values as a result of micro-generation 
integration. 
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2.2.2 United Kingdom 
A detailed study by Mott Mc Donald (2004) related to the integration micro-generation 
into the LV network; it incorporated not only the technical impacts of micro-generation 
but also the economic costs to the network. Interestingly, the study is a follow on from a 
previous study entitled The Impact of Small Scale Embedded Generation on the 
Operating Parameters of Distribution Networks published by PB Power in 2003 for the 
UK Department of Trade and Industry. The study looked at three scenarios of micro-
generation penetration levels out to 2020 with an upper bound of 17GW to 2023 and 
modelled data given by the DSO’s based on three load densities. The Mott Mc Donald 
(2004) study including the previous study was a seminal piece of work in the area and 
came to the following principal conclusions – 
 
a. The economic cost of accepting more than 17GW, of micro-generation onto 
UK networks is comparatively small, and substantially less than the wider 
benefits of micro-generation 
b. Existing LV networks can, under most circumstances, accept up to 100% 
penetration of micro generation, provided that certain steps to reconfigure the 
networks are taken as penetration levels increase – principally modify 
transformer taps e.g. 50% in an urban network (PB Power study), but could be 
as low as 20% in more rural networks 
c. The costs of accommodating large levels of micro-generation are considerably 
outweighed by the ability to defer reinforcement costs and reductions in 
distribution losses 
d. The reduced need for centrally connected generation results in savings from  
avoided capacity, energy and emissions costs of this type of generation 
Source: Extracted from (Mott McDonald, 2004) 
 
A study by the University of Strathclyde (2005) focussed on the issues of  Direct 
Current (DC) current injection in the LV Alternating Current (AC) networks due to the 
operation of micro-generation and how that might affect network components like 
transformers and customer components like Residual Current Devices (RCD’s) and 
meters. The work has taken account of the DC injection levels as envisaged in the UK 
micro-generation connection standard G83/1. The report recommends that for a typical 
500kVA distribution transformer the Total Harmonic Distortion (THD) should not 
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exceed 5% and found no ill effects on the operation of Residual Current Devices 
(RCD’s) under fault conditions though they may be issues due to nuisance tripping. The 
study found that domestic meter manufactures were unwilling to discuss operation of 
their products so that testing would be required to determine any effects. The study 
commented on a large body of evidence which indicates the seriousness of corrosion 
risks associated with DC currents in pipeline and cable networks; any increase in the 
level of DC current injection could result in corrosion beginning or acceleration which 
could result in catastrophic failure. Other sources of DC current injection were also 
discussed like high frequency ballasts used in fluorescent lighting and switched mode 
power supplies used in PC’s and laptops. No DC harmonic limits are defined under 
EN6100-3-2 (except under clause 7) and none defined either for devices under 75W; it 
was considered that the aggregate of these devices working together could potentially 
have issues for the network in addition to the contribution from micro-generation. 
 
A study by Hub Research Consultants (2005) was conducted  which examined   
people’s attitudes to SSEG in different socio-economic groups in the general population 
as well as pupils and teachers within three schools. It could basically be defined as 
qualitative research on SSEG. There was a variety of responses received across the 
groups but the study’s conclusions can be summarised as follows – 
 
 Energy conservation and energy efficiency were not considered 
important by the mainstream sample 
 The following behaviours were seen to be important purchasing organic 
food, recycling, water conservation and saving trees. These behaviours 
were seen to be tangible and having an emotional benefit 
 In general, after the micro-generation technology was installed it had a 
positive influence on people and they made connections between energy 
creation and use  
 There was a widespread but not universal behaviour change in the area of 
energy efficiency 
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Based on the outcome of the study by Hub Research Consultants (2005) one can say 
that if SSEG is be adopted on a widespread basis then education of the users of such 
technology is of vital importance if the benefits of the technology are to be realised by 
the consumers and network operators alike. 
 
A study by EA Technology (2006) examined the subject of DG and network losses; 
losses occur in a grid for the transmission of electricity and these losses are known in 
the industry as technical and commercial losses respectively.  
Technical losses relate to the characteristics of the network equipment, supply and 
demand patterns whereas commercial losses relate to the measurement of current flows. 
The study was primarily focussed as to how technical losses are affected by the 
operation of DG on the grid. The conclusions were that a DG connection could either 
increase or decrease the technical loss depending on the situation. There was no positive 
correlation between DG penetration level and loss reduction; a higher DG penetration 
didn’t necessarily mean a reduction in the technical loss. However, where reductions of 
losses did occur these manifested at the higher MV level and were proportional to the 
DG penetration level. The reduction normally occurred at the voltage level above the 
DG connection. The increase in loss normally occurred at the level of DG connection 
and was proportional to the DG penetration level. Analysis also suggests that losses on 
one level are balanced by increases on another resulting in a marginal reduction overall.  
 
A study by Thomson (2008) modelled the main effects of high density micro-generation 
connection including reverse power flow in parts of the network, voltage rises in the 
network, altered transformer and line loadings and altered network losses. The 
conclusion was that there were no major obstacles to the installation of micro-
generation in such networks but in contrast, no major benefits either. 
 
A study by Andrews, Douglas, and Roscoe (2008) examined the need for the UK 
network to change and develop - smart grids; this was based on a report entitled Future 
Network Architectures published by PB Power and Lower Watts Consulting for the UK 
Department for Business Enterprise and Regulatory Reform in 2007. Differing 
scenarios were presented with respect to the development of the UK network to 2020.   
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Concerns were expressed as to the variable output from renewables which would be 
driven principally by weather patterns rather than demand as with conventional 
generation and how this could be managed.  
 
The concept of the VPP was discussed as was the need of the DSO to make DG 
manageable and dispatchable. Other concerns were management of fault levels, demand 
side management, electricity market and trading facilities and estimated costs of 
modifying the existing network architecture. It is interesting to note that one of the 
conclusions of the paper was the identification of smart metering as a key network 
device in the realisation of the VPP. It would of course, also be vitally important in the 
financial sense of measuring power export and the settlement of bills in the trading 
market. In that context, the ROI previously announced an intention to introduce 21,000 
meters to the domestic market on a pilot basis.  
 
Burt et al (2009) examined the behaviour of micro-generation when exposed to external 
faults on the grid. Two types of generator were modelled, a diesel three phase 
synchronous genset and a single phase micro wind turbine interfaced via an Induction 
Generator (IG). The major concern was the transient response of the micro-generation 
when confronted with a fault on the MV side. In the event that the response time of the 
MV breaker would be at or close to 1.5s; there may be issues in delayed response of the 
DG disconnecting however it concluded that the micro-generation would disconnect at 
this limit but not above. These issues are avoidable by the use of a superconducting 
fault current limiter which improves micro-generation transient stability and limits fault 
current on the MV side. 
 
Examining the Elementenergy (2008) report one can see the types of micro-generation  
installed in the UK, these can readily be seen from Fig. 2.2.2.1 and Fig. 2.2.2.2 below. 
There is some uncertainty about the figures for micro CHP as it seems the figures are 
between 200 and 1000 with CHP1 and CHP 2 reflecting the minimum and maximum 
respectively. 
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         Figure 2.2.2.1 Types of Micro-generation in UK CHP1 (2008) 
 
 
 
         Figure 2.2.2.2 Types of Micro-generation in UK CHP2 (2008) 
Source:(Elementenergy, 2008) 
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2.3 Conclusions 
Having reviewed the literature the overall consensus seems to be that micro-generation 
and SSEG will have an overall positive impact on the networks they are connected to 
providing that that sensible precautions are taken with monitoring the process of 
integration and making the necessary network reinforcements where appropriate. 
 
Micro-generation of all definations needs to be  fully integrated with the development of 
the active or smart grid  in order to make it depatchble and to take full adavange of the 
benefits of large scale penetration levels. The networks examined seem to tolerate even 
up to 100% penetration with no major ill effects (except under certain constraint 
conditions) providing the size of SSEG is kept within reasonable limits. One concept of 
the active or smart grid is seen in Fig. 2.3.1  
 
Source:(Bloem, 2007) 
Figure 2.3.1 Future Electricity Network 'Energy Web Concept' 
 
The ROI network will have to develop along similar lines as outlined above but there is 
currently a very low penetration level of SSEG but this may change over the coming 
years if and when Airtricity and BGE enter the market and offer competitive FIT’s.   
 
The ROI government set a national target of 40% of electricity generation from 
renewable resources by 2020, in November 2008 - Eirgrid and Systems Operator 
Northen Ireland (SONI) likewise have adopted this target. A technical study which 
followed on from the All Ireland Grid Study (DECNR, 2008) is ongoing and focuses on 
the faciliatation of renewables onto the grid (Hughes et al., 2009). This study mostly 
focuses on wind and biomass connected at MV level, with wind being predominant.   
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Table 2.3.1 summarises this position –  
 
                  Table 2.3.1 TSO Targets for 2020 
Technology MW 
Biomass 109 
Tidal 250 
Wave 84 
Wind 7550 
Source:(Hughes et al., 2009) 
 
Clearly, the Transmission System Operator (TSO)’s have not considered that there will 
be any appreciable contribution from SSEG and seem to have left it to the DSO’s as an 
issue for them to deal with. This is all very well but if there is an appreciable take up 
then it may have some impact even for the TSO’s. 
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3.0 Research Methodology 
3.1 Introduction and Scope 
This research sets out to assess the opportunities and challenges presented by the 
connection of micro-generation technologies to the electrical grid in the ROI. Its focus 
will be to analyse the European standard EN50438 for the connection of these 
technologies and evaluate whether this standard helps or hinders adoption of these 
technologies by the general public and by property developers and builders alike. 
 
Historically, there have been insignificant micro-generation technologies installed in the 
ROI mainly due to the lack of a properly incentivised tariff and inappropriate metering 
structure. These issues coupled with the lack of appropriate electrical grid infrastructure 
for micro-generation acted as a disincentive. Additionally, there is no installation grant 
for domestic consumers. The DSO historically did not actively go out of their way to 
encourage micro-generation but due to legislative changes, political leadership and the 
climate change agenda they are now engaged with the process. The DSO is ESBN 
(ESBN, 2010b) and the TSO is (Eirgrid, 2010b); there are a number of companies under 
the ESB (ESB, 2010b) umbrella with ESBN being one of them. 
 
The public electricity supplier (PES) is ESBCS (ESB, 2010a) with a number of smaller 
players in the market like BGE and Airtricity, with ESBCS being the dominant one in 
the domestic market (Fuller, 2009).    
 
Source:(Fuller, 2009) 
        Figure 3.1.1 Domestic Market Share (No. of Customers) August 09 
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Cognisance also has to be taken of the fact that the island of Ireland has two separate 
electrical grids operated by two different TSO’s, the TSO for NI being SONI (SONI, 
2010), both SONI and Eirgrid are partners in the Single Electricity Market Operator 
(SEMO, 2010). The wholesale electricity market for the island of Ireland is treated as a 
single market operated by SEMO. However, Eirgrid purchased SONI in March 2009 
(Eirgrid, 2010a), SONI was previously owned by Northern Ireland Electricity (NIE) 
which in turn is owned by Viridian.  
 
Though the grid systems are separate there are interconnectors between NI and ROI 
with an existing interconnector also between NI and the UK, the Moyle interconnector. 
 
Heretofore, there was no tangible governmental support in the ROI for micro-generation 
technologies in the way of grants or other financial support but this situation has 
changed to one of actual positive support in recent years through bodies like SEAI 
(SEAI, 2010b), providing part funding for pilot projects and the (CER, 2010a) ensuring 
a simple and transparent connection process.  
 
ESBN and ESBCS are giving financial support by way of a FIT to customers as 
outlined previously in section 2.1(ESBN, 2010a). 
 
In examining which methodology to use in the conduct of the research it was decided 
that the best approach would predominantly be one of qualitative research though 
elements of quantitative research were also used; these thoughts were guided by the 
consultation of two books on the subject of research methods and methodology 
(Dawson, 2006; Greenfield, 2002).
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3.2 Aims and Objectives  
The scoping out of this research included an initial proposal which contained the aims 
and objectives of the research; these aims and objectives were informed by a limited 
number of discussions with professionals in academia and industry, these discussions 
also enabled the orientation and background for the research. 
 
 
1. Scrutinise the implications of connection of extensive renewable energy 
technologies in a distributed generation configuration to the existing 
grid network. 
 
Discuss and scrutinise micro-generation technologies from an international 
and national perspective and examine the implications of connection of these 
technologies to the existing grid network. 
  
2. Discuss the requirements of EN50438 and its implications for connection 
of domestic scale micro generation renewable energy technologies. 
 
Analyse the impact, if any, of EN50438 on the embryonic micro-generation 
market in ROI.  
 
3. Evaluate how the adoption of the new standard EN50438 by the 
Republic of Ireland enhances or hinders the connection of micro-
generation to the grid. 
 
Evaluation by means of discussion with ESBN, Airtricity, BGE and relevant 
academics 
 
4. Scrutinise whether the current limit of 40% of local transformer 
capacity imposed by ESBN, as applying to micro-generation, is realistic 
or not. 
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Evaluation of the discussion documents put forward in support of this limit 
by ESBN to CER as part of the consultation process for establishing micro-
generation 
 
5. Determine the performance of a specific inverter against its 
manufacturers claim with regard to the European Weighted Average 
Efficiency in a working PV system. 
 
Examination of an existing PV system in DIT to determine the actual 
efficiency of the inverter against the manufacturers quoted EWAE.  
 
6. Examine case studies of micro-generation connection particularly 
micro-CHP and micro-wind. 
 
Evaluate by site visit how these technologies were installed and observe their 
operation. Note and discuss any issues that were encountered with the sites 
during installation or operation.   
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4.0 Evolution of EN50438  
The standard originally came about through the working of a Comité Européen de 
Normalisation (CEN) Workshop Agreement (CWA 14642), this was established in 
April 2001. Eventually, CWA 14642 found its way into Comité Européen de 
Normalisation (CENELEC) where a working group (WG2), was convened in January 
2003. A parent committee of CENELEC named TC8X set up WG2; this working group 
carried out the main body of the work associated with EN50438. WG2 really began 
work in May 2003 and was coordinated by the Dutch national standards body, 
Nederlands Normalisatie-instituut (NEN). Working groups normally meet four times a 
year with the parent committee meeting once a year – the working group had 
representation from all the member national organisations at the time, which total thirty 
one, as of January 2010. The authors understanding is that the Italian and UK 
representatives had a large influence on the development of the standard with the final 
draft published in November 2007 (Niall, 2010). The UK micro-generation standard, 
G83/1 was published in September 2003 and is substantially the same as the final draft 
of EN50438 published in November 2007 (G83/1 is now revised to G83/1-1 as of June 
2008 (ER G83/1-1, 2008). It is apparent that the route, by which EN50438 has come 
about, has been a long one; numerous consultations with stakeholders have taken place 
along the way under the auspices of CENELEC. The process has been quite rigorous 
and it would appear that a consensus was reached through panel evaluation of 
EN50438. This evaluation was done initially by the membership of CWA 14642 and 
then both by WG2 of TC8X and the TC8X parent committee itself. Various other inputs 
were taken from national interests and stakeholders in member countries which were 
brought to the aforementioned for discussion and evaluation. Attempts were made by 
the author to obtain further information with respect to the deliberations of TC8X from 
Mr. Herve Rochereau (chairman) and Ms. Simone Button (secretary); no information 
was forthcoming. 
4.1 Requirements of EN50438 
The main advantage of EN50438 is that any micro-generation which is manufactured 
and tested according to this standard is already type tested, this satisfies the ‘Inform and 
fit’ principle. One should be able to purchase such micro-generation confident in the 
knowledge that it will meet the requirements of the DSO once installation and 
commissioning is done by suitably certified personnel. 
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Adjustments need to be made to satisfy individual country requirements outlined in the 
Appendices of EN50438. 
 
The standard is split up into seven main sections, the remainder into seven Annexes. 
The primary focus of EN50438 is interfacing micro-generation to the grid and of course 
installation, commissioning and operation. 
 
The details of the seven main Sections and seven Annexes are listed as follows –  
 
Main Sections 
 
1. Scope 
2. Normative references 
3. Terms and definitions 
4. Connection requirements 
5. Power quality 
6. Operation and safety of the micro-generator 
7. Commissioning 
 
 
Annexes 
 
A. Annex A (normative) Interface protection settings, national deviations 
B. Annex B (informative) Notification sheets 
C. Annex C (informative) Interface protection – Compliance type testing general 
arrangements 
D. Annex D (informative) Type certification test results sheet 
E. Annex E (normative) Countries allowing extension of the scope > 16 A 
F. Annex F (informative) Abbreviations 
G. Annex G (informative) A-deviations 
 
Installation, commissioning and operation are covered in section four to seven with 
appropriate references to related Annexes when required – these sections will be 
discussed further below.  
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Section Four - Connection Requirements 
Section four covers over current protection, earthing, isolation, loss of mains, re-
connection, synchronisation and interface settings. Over current protection is in 
accordance with HD384 series with correct discrimination being a priority.  
 
Earthing should comply with HD384.5.54 / IEC60364-5-55 and relevant national 
standards. Of particular note is that there should be no direct connection of the micro-
generator winding and the DSO earth terminal – this applies in both TT and TN earthing 
systems. If connected via an inverter, it is permissible to connect one pole of the DC 
side to the DSO earth terminal provided the insulation meets the requirements of over 
voltage category IV between the AC and DC sides of the inverter as per EN60664-1.  
 
Isolation shall be by means of disconnection by a solid state switching device as part of 
the interface and by the opening of mechanical contacts, both of these means shall be 
automatic in operation. A manually operated mechanical switch would also be provided 
to isolate the micro-generator for maintenance purposes. 
 
LoM functionality is to be provided and the detection methods used are to be done by 
passive means i.e. injection of pulses into the network are not allowed - the detection 
methods allowed are Rate of Change of Frequency (ROCOF) and Vector Shift (VC) -  
[ROCOF and vector shift set at 4Hz/s and 6° for ROI]. 
 
The interface protection will allow for reconnection of the supply after interruption or 
disconnection only when correct supply parameters exist for a minimum of 3 minutes 
for mechanical AC generation and 20 seconds for inverter systems.  
 
Synchronising a micro-generator with the network shall be fully automatic i.e. no 
manual means for synchronisation are permitted.  
 
The interface itself must comply with EN60255-6 or equivalent and other relevant 
standards pertinent to EN50438 are detailed in section two. The interface also provides 
the important functions of automatic isolation in the event of fault, loss of mains, re-
connection and synchronisation to the supply.  
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The interface also monitors other parameters related to voltage and frequency on the 
network and will disconnect the micro-generator if the parameters exceed the limits - 
the default interface protection settings are outlined in Table 4.1.1  
 
         Table 4.1.1EN50438 Default Interface Protection Settings 
 
Source:(EN50438, 2007) 
 
These default setting do not apply in the ROI, instead these settings are detailed in 
national requirements from Annex A - these interface protection settings are outlined in 
Table 4.1.2 
 
           Table 4.1.2 EN50438 ROI Interface Protection Settings 
 
Source:(EN50438, 2007) 
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These settings were insisted upon at the behest of the DSO and are designed to protect 
the network from any malfunctions of the micro-generation and to afford some 
protection to network maintenance personnel in the event of a power outage. Changing 
of interface settings is not permitted by the user. 
 
It is worthy to mention that the national settings for the UK under EN50438 are the 
same with respect to ER G83/1-1 – these interface protection settings are outlined in 
Table 4.1.3 
     
     Table 4.1.3 EN50438 and G83/1-1 UK Interface Protection Settings 
 
Source:(EN50438, 2007; ER G83/1-1, 2008) 
 
With reference to Table 4.1.4 one can see the similarities and differences in interface 
settings for EN50438 and G83/1-1.  
 
Table 4.1.4 Comparison of EN50438 and G83/1-1 Interface Settings 
Standard 
Under 
Voltage 
Limit 
Over 
Voltage 
Limit 
Maximum 
Clearance 
Time  
Voltage 
Under 
Frequency 
Limit 
Over 
Frequency 
Limit 
Maximum 
Clearance 
Time  
Frequency 
EN50438 207 V 253 V 1.5 s 48 Hz 50.5 Hz 0.5 s 
G83/1-1 207 V 264 V 1.5 s 47 Hz 50.5 Hz 0.5 s 
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Section Five – Power Quality 
Section five covers Electromagnetic Compatibility (EMC) requirements, DC injection 
levels and power factor levels from the perspective of power being delivered into the 
network. It is therefore, by default, a DSO metric which defines the minimum 
acceptable power quality delivery.  
  
EMC requirements are defined by the standard EN61000; sections 3-2 and 3-3 apply to 
harmonics and voltage fluctuations and flicker; the generator must meet this standard.  
 
DC injection by design into the network is not permitted e.g. half-wave operation 
though some injection is unavoidable when using inverter technologies. G83/1-1 
recommends no greater than 20mA per installation - ESBN also uses this figure for DC 
injection in their connection document (ESBN, 2009).  
 
The PF of the micro-generator during normal operation shall be between 0.95 leading 
and 0.95 lagging, provided the output active power of the micro-generator is above 20% 
the rated output power of the unit.  
 
Section Six – Operation and Safety of the Micro-generator 
Section five covers safety, information plate, labelling and maintenance and routine 
testing. The generator should operate in a safe manner over its entire operating range 
and should conform to safety standard EN50110.  
 
The information plate should contain the following information - 
 
 manufacturer’s name or trade mark 
 type designation or identification number, or any other means of identification 
making it possible to obtain relevant information from the manufacturer 
 rated power 
 nominal voltage 
 nominal frequency 
 phases 
 power factor 
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Labelling specifying a warning notice referencing the need for isolation should be 
attached to several points in the installation with minimum areas deemed necessary as 
below - 
 
 on the switchboard (DSO panel and consumer unit) that has the micro-generator 
connected to it 
 on all switchboards in between the consumer unit and the micro-generator itself 
 on, or in the micro-generator itself 
 at all points of isolation for the micro-generator 
 
The terms of the warning notice are detailed in Fig. 4.1.1 
 
 
Source:(EN50438, 2007; ER G83/1-1, 2008) 
Figure 4.1.1 Example of Warning Label and Content 
 
 
Maintenance and routine testing is the responsibility of the user. The manufacturer 
provides the maintenance and testing schedule which must be carried out by suitably 
qualified and trained personnel.  
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Section Seven – Commissioning 
Section seven covers installation of type tested generators, installation standards and 
requirements, notification procedures for the DSO, decommissioning and replacement 
arrangements.  
 
Type tested generators are those generators that are manufactured, tested and installed 
in accordance with EN50438 and other relevant standards. Particular attention is paid to 
interface settings previous described under section four but also extending to the 
following – 
 
 reconnection of the generator following disconnection by interface until correct 
supply parameters exist for a minimum of 3 minutes for mechanical AC 
generation and 20 seconds for inverter systems  
 alternative means of disconnection in the event of failure of the solid state 
switching device (mechanical contacts). Where this means of isolation is not 
accessible to the DSO at all times it is acceptable to provide two means of 
automatic disconnection, with a single control as per HD384 (ROI situation) 
 verification of leakage current of solid state switching device in an off state ≤ 
0.1mA 
 short-circuit current contribution (as per EN60034) 
 
Type Testing 
The majority of the type testing is achieved by virtue of manufacturing and assembling 
the generator and associated components to particular standards e.g. Européen Norm 
(EN) standards. It is the authors understanding that all tests are carried out on the 
particular model submitted for testing by a manufacturer to a recognised international 
test house e.g. Technischer Überwachungs-Verein (TUV). Once this test model receives 
certification, all subsequent similar models will automatically receive the same 
certification as if they were individually tested, provided they are manufactured in the 
same manner. To ensure they are manufactured in the same manner the manufacturer 
normally applies quality assurance standards and manufacturing standards e.g. 
International Standards Organisation (ISO) standards ensuring quality and uniformity of 
product. The manufacturer then only has to complete normal quality control checks, 
safety checks and functional testing to ensure compliance of product (Jackson, 2010).  
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Two important tests done for type testing are - LoM test (Annex A settings ROI) and 
power factor test which are detailed in Annex C.  
 
Installation is to be done in accordance with HD384, relevant national standards and 
manufacturer’s instructions.  
 
The notification procedure for the DSO is focused on the ‘Inform and Fit’ principle but 
more information will be required by the DSO in a multiple micro-generation scheme. 
 
The DSO also needs to be notified if the micro-generator is to be decommissioned or 
replaced and sample forms can be referenced in Annex B.  If a major part requires 
replacing in the future, the DSO need not be notified unless its fitting compromises the 
original certification. 
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4.2 Discussion of EN50438 Requirements  
The technical analysis and evaluation of the standard has been completed in very large 
measure by CENELEC over a number years and this process has been previously 
summarised in section 4.0. It is not proposed analyse the development of the technical 
aspects of the standards provisions as it has not been possible to obtain any historic 
documents pertinent to the CENELEC deliberations. It is however, proposed to conduct 
a discussion of the current requirements confined to sections four, five and seven. 
  
Considering section four one can say in general, that the actual installation requirements 
do not differ substantially from any other item of plant regarding earthing, isolation and 
over current protection. The majority of section four deals with generator limits and 
LoM protection; these are important parameters when operating in parallel with the 
grid. The electrical interface is constructed to disconnect the generator in the event of 
abnormalities outside specified limits. Of interest is the protection termed ROCOF and 
VS, this protection is normally achieved by grid monitoring relays. Both types of 
protection detect zero crossings of voltage – in the case of ROCOF a new frequency is 
calculated at each zero crossing, if change occurs in excess of the set point (Hz/s), the 
generator is isolated. In the case of VS, the actual zero crossing is compared to the 
previous crossing and if the crossing has been advanced or retarded more than the set 
point (Degrees), the generator is isolated. This type of protection is designed to deal 
with LoM and subsequent or initial synchronisation of the generator and islanding 
detection (islanding detection not applicable to EN50438). However, Bright (2001) 
suggests that ROCOF and VS cannot reliably discriminate between changes in 
frequency due to loss of mains and changes due to other grid disturbances. Were grid 
disturbances to cause a large number of micro-generators to disconnect and reconnect 
then this would pose serious problems for the DSO.  
 
There appears to be little difference in interface settings between G83/1-1 and EN50438 
but there are some as detailed in Table 4.1.4 (p.30) – this is a matter for the DSO 
concerned and is specific to grid network considerations of the specific country.  
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With respect to under/over voltage settings, Eirgrid highlighted an issue to CER in 
relation to voltage step changes on the transmission network caused by capacitor 
switching especially when the transmission network is experiencing outages (Eirgrid, 
2006). Their concern was that these step changes would filter down to the distribution 
network and cause the tripping of micro-generation as the current limits of under/over 
voltage are set at set 10% as per EN50438. They suggested changing the under/over 
voltage trip levels to 12% however, the level remains at 10%. 
 
Considering section five, power quality issues are of serious concern to the DSO 
especially with regard to harmonic production, DC injection and power factor. 
Harmonics are produced as a result of inverter operation. Any harmonic level increase is 
a cause for concern not only for the DSO but all consumers e.g. local distribution 
transformers can become inductively overheated and deteriorate as a result, their usable 
life shortened thereby causing early failure. Electronic equipment is sensitive to 
harmonics pollution via the mains, examples of equipment effects are performance 
degradation and malfunctions. 
 
The literature review previously discussed details with respect to DC injection levels 
and increasing micro-generation levels will contribute to this problem. Curiously, 
EN50438 does not specify a level but the ESBN micro-generation connection document 
uses the same level as G83/1-1 – 20mA. 
 
With respect to PF, the generator during normal operation should operate between 0.95 
leading and 0.95 lagging (assuming active power ≥ 20% of rated capacity). Reactive 
power is used to stabilise grid system voltage and can be exported or imported; this 
necessitates generator PF control. Circulating reactive currents can rise to such an extent 
that they can exceed the rating of the generator and damage it. One has to consider that 
both active and reactive generator power needs to be controlled; this is achieved by a 
controller. The controller needs to correct power factor with respect to reactive power 
demand for local or system voltage support.  
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Considering section seven, the focus is on only installing type tested generators to the 
correct installation procedures, using laid down DSO notification procedures, according 
to EN50438. Type testing was deemed to be the best route for certification, installation 
and commissioning as historic installations required the use of on-site witness testing. 
 
In addition to EN50438 (approved by CENELEC in November 2007), two other 
documents below govern the connection and use of micro-generation, these documents 
are – 
 
 Conditions Governing the Connection and Operation of Micro-generation – 4th 
revision (ESBN, 2009) 
 
 National Rules for Electrical Installations – 4th Edition, ET101: 2008 (ETCI, 
2008) 
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4.3 Discussion and Evaluation of EN50438 Adoption  
The analysis and evaluation is going to focus on how the standard has affected the 
development of the domestic micro-generation market and whether it encourages further 
growth into the future.  
 
As previously stated in section 4.1 there are limits to the amount of micro-generation a 
customer can connect in a single installation, Ireland along with Finland and Cyprus 
have extended the single phase limit to 25A. The connection requirements for micro-
generation basically follow those of EN50438 which have been adopted by ESBN. 
Micro-generation must be wired according to the Electro-technical Council of Ireland 
(ETCI) rules 4
th
 edition, for electrical installations (ETCI, 2008) and must be completed 
by a registered electrical contractor who is registered with one of two organisations, 
Register of Electrical Contractors of Ireland (RECI) or Electrical Contractors Safety and 
Standards Association (ECSSA) which are the Electrical Safety Supervisory Bodies - 
there is no DIY electrical work allowed for network connected micro-generation. In 
accordance with the ETCI wiring rules there is a requirement that a generator be 
isolated from the public supply and that the means of isolation must be accessible to the 
DSO at all times. However, it is recognised that micro-generators are a special case so it 
is acceptable to ESBN to dispense with this requirement for the isolator to be accessible 
at all times. 
 
There are approximately two million electricity accounts in ROI with businesses 
accounting for 200,000 with the remainder being residential customers. The billing is 
done on a bi-monthly basis with estimated billing accounting for 46% of meter reads; 
section 3.1.1 previously outlined the breakdown of the domestic market share, the 
domestic market being most suitable for micro-generation (Fuller, 2009). As can be 
seen from Fig. 2.1.3 previously the number of micro-generation connection notifications 
is rising but against a background of 1.8 million residential customers this is indeed a 
small market presently. The all Ireland market for wholesale trading of electricity was 
opened in 2007, the retail market having previously opened in 2004. The current meter 
reading process is done by ESBN on behalf of all suppliers (both import and export).  
Meter read data is supplied in market messages to every supplier with the exception of 
micro-generation export data. The current micro-generation meters are both interval and 
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smart meters (smart meters only for trial) - ESBCS is currently the only supplier 
offering a micro-generation tariff (Fuller, 2010).  
 
This situation currently presents a number of issues to the trading of export electricity 
production as far as the domestic customer and non-PES suppliers are concerned. In 
relation to Airtricity, the obstacles centre on a number of problems, principally these are 
– the non-availability of export meter reads in market messages and payment for 
purchased export. Currently, the exported electricity from the micro-generator does not 
contribute to the Single Electricity Market (SEM) - wholesale market. This means that, 
Airtricity would have to pay the producer without getting the benefit of the export as a 
credit against their own purchase from the wholesale market. This does not apply to the 
ESBN portion of the existing micro-generation tariff (10c/kWh) but would apply to 
export tariff agreed between the utility company and micro-generation supplier. In a 
process called aggregation, there is balancing exercise done within the wholesale market 
and any deficit or excess is either credited or charged to the PES. These issues currently 
prevent Airtricity from entering the market (Gannon, 2010; O'Neill, 2010). The only 
other alternative supplier in the market presently is BGE, were they to attempt to enter 
the market to-day they would also face the same obstacles as Airtricity. 
 
The availability of micro-CHP turbines in the market has been an issue as there were 
and still aren’t any suppliers offering these to the ROI market for the typical domestic 
user. With the advent low level manufacturing and distribution of domestic micro-CHP 
in the UK since August 2009, this market has developed there (Whispergen, 2010). In 
April 2010 another manufacturer launched another micro-CHP product into the market 
in the UK (Baxi, 2010a). These market launches have not been replicated in ROI though 
this may change in the near future as Bord Gais Eireann (BGE) are currently trialling a 
micro-CHP unit (Gallagher, 2009). (see section following 7.1 for details of the micro-
CHP unit manufactured by Baxi).  In addition, BGE currently do not currently see any 
viable micro-generation market but nonetheless are involved in the development of a 
fuel cell based micro-CHP unit tailored to the Irish market with Ceres Power, they 
believe it will be 2012 before it is fully developed (Ceres Power, 2010; Gallagher, 
2009). BGE see the deployment of micro-generation being quite limited unless there is 
financial support made available to the general public for its establishment (Gallagher, 
2009).  
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Key components of a successful micro-generation market also lie with a competitive 
FIT and the roll out of smart metering. FIT’s were introduced for micro-generation only 
recently as previously outlined in section 2.1 (Melling, 2009), it can be argued that this  
FIT does not offer any substantial reward for micro-generation export.   
 
A smart metering behavioural and technology trail was announced by the Irish 
government in September 2008 which indicated that 21,000 households would get an 
electricity smart meter installed (DCENR, 2008b). The legislative driver for the smart 
metering project lies with EU Directive 2006/32/EC; Article 13 of this directive 
requires that where technically possible and financially reasonable, energy metering 
should record the time of use and customer billing should be sufficiently comprehensive 
so as to enable the self regulation of energy consumption (EU, 2006). The CER is 
tasked with the implementation of the project which is divided into several sections - 
 
 Customer Behaviour Trials (gas and electricity) 
 Technology Trials (distributed line carrier and radio frequency) 
 Pre-Payments (thin meter trial) 
 Micro-generation (data collection only) 
 Cost Benefit Analysis 
 
The scale of the project has been reduced with 6,500 smart meters being installed to-
date under the electricity customer behaviour trial (CER, 2010b). In addition, 
approximately 3,500 smart meters have been installed under the electricity technology 
trial heading and 2,000 smart meters under the gas customer behaviour trial (O'Neill, 
2010). CER is also tasked with overseeing full implementation assuming a positive 
outcome of the cost benefit analysis. 
 
There is no requirement for micro-generation suppliers to have a licence to supply or 
pay an application fee for network reinforcement once the limits are those of EN50438. 
The licence requirement is for those generators sized 1MW or more, however, once the 
generator is sized over 11kW application fees apply payable to ESBN (Fuller, 2010).  
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4.4 Type Certification Issues 
It has come to author’s attention during the research that there is some anecdotal 
evidence that there is market resistance to Chinese manufactured product penetration in 
ROI. It seems on the surface that this is due to a perceived or actual bias because of 
their origin. When examined, the basis of the bias appears to be the perceived poor 
quality of the Chinese manufactured micro-turbines and associated equipment like 
inverters and controllers. On the other hand, Chinese manufactured micro-wind 
equipment appears to offer better value for money when compared to similar equipment 
manufactured by Proven, Kestrel or SMA for example. 
The author decided to question one of the ROI suppliers of micro-wind turbines on 
these issues to identify whether there were any grounds for such bias. Contact was made 
with a company called Irish PV and Wind and their opinion was sought based on their 
knowledge and experience; a number of issues were identified which are detailed 
below.  
 
1. The majority of manuals accompanying the products are not well translated into 
English which results in interpretation issues with some technical matters 
 
2. The majority of turbines for all Chinese manufacturers seem to be manufactured 
by two major manufacturers Exmok and Kingsland with little information being 
available on the generator itself  
 
3. Blades are normally manufactured from Fibre Reinforced Plastic (FRP) a 
number of which have sheared off whilst in short service or have suffered severe 
stress fractures in Irish conditions 
  
4. Certification to Conformité Européenne (CE) standards seems to extend to only 
putting CE marking on equipment without actual test  
 
5. Equipment not being certified to CE standards by an independent internationally 
recognised test authority but by a non-recognised Chinese authority. Example 
quoted was for an inverter certified to EN standards by a non-recognised testing 
authority in China 
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6. Example quoted of an Exmok generator windings failing an insulation resistance 
test in Ireland at 400VDC when the operating voltage was 600VAC 
 
7. Example quoted of stainless steel castings from Exmok turbine marked as Grade 
316 Stainless Steel (SS) but when tested by the Metallurgy Lab at University of 
Galway the grade was found to be so poor as to be uncertifiable and 
unrecognizable as any grade 
Source:(Jones, 2010) 
Having had discussions with another supplier located in NI (Silverford Renewables) 
about these issues, he directed me to micro-wind turbine trials held previously (Reid, 
2010). The trials were initiated as part of the ‘Wind Energy for Rural Businesses 
Project’ funded through the NI programme for Building Sustainable Prosperity. This 
funding was sourced from EU structural funds and the Department of Agriculture and 
Rural Development (DARD). There were two reports available on the DARD web site 
which made for informative reading; there were several issues detailed in relation to 
running of the project and management of the suppliers and installers. There are 
valuable lessons to be learned from these reports but of specific interest to the author is 
information on the Chinese manufactured turbines (Craig and Marr, 2008; Murphy, 
2008).  The turbine size was generally in the 20kW range and in total 26 turbines were 
installed, 11 Powerbreeze (Chinese) and 15 Jacobs (US). The installers were Adman 
Ltd and renewable Energy Services Ltd, they installed the Powerbreeze and Jacobs 
turbines respectively. The majority of the Powerbreeze turbines were commissioned in 
late 2006, early 2007 utilising three phase generators, the manufacturer was Qingdao 
New Energy Equipment Co; a typical photograph is shown following in Fig. 4.4.1 - 
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        Source:(Craig and Marr, 2008) 
                 Figure 4.4.1 Powerbreeze Wind Turbine 
 
In respect of the Chinese turbines – 
 
 Four are classed as total failures as they have shed their blades 
 
 
     Source:(Craig and Marr, 2008) 
         Figure 4.4.2 Sheared Blade Showing Root 
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       Source:(Craig and Marr, 2008) 
     Figure 4.4.3 Sheared Blade - Root 
 
 Five of the turbines have their blades tied and are not generating due to various 
issues 
 
 
  Figure 4.4.4 Tied Off Turbine Blades 
        Source:(Craig and Marr, 2008) 
 
 
 One is a test turbine modified by the manufacturers. Modifications were the 
supplying of strengthened blades, larger dump loads and new control panels. 
The tail blade of the turbine has lost surface area and needs assistance for furling 
by using a rope attached to the vane. No monitoring was put in place by the 
manufacturers and no root cause was determined for the initial failures. 
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 One is a hybrid arrangement – Powerbreeze tower with the running gear of a 
Jacobs turbine  
 
The issues identified are certainly a cause for concern not only for Irish consumers but 
for the Chinese manufacturers as well; one would hope that they are an exception rather 
than indicative of all Chinese manufacturers. If such products forge such a reputation 
which gains acceptance in the marketplace this will not serve China well. Indicators are 
that there is quality issues associated with the products and critics indicate that this is 
the major reason why the Chinese products are so cost competitive.  
The issues identified need to be addressed by the Chinese government as a matter of 
urgency. Otherwise, the reputation of Chinese products can be severely damaged thus 
losing market share and consumer confidence. Once lost, these are difficult to regain 
and would require major investment in time and financial resources to restore. 
  
The fact is, that Chinese manufacturers are attempting to build market share not only in 
Ireland but also in Europe. Quality is important in any product manufactured for the 
European market and especially so for electro-mechanical and electronic products such 
as micro-wind turbines and associated equipment. The lack of independent verification 
of product quality serves to support the critics of Chinese manufactured micro-wind 
turbine equipment. In order to counter this, an independent internationally recognised 
testing authority should be established in China to certify these products prior to 
shipment into Europe. If re-tested in Europe this equipment should pass any relevant 
certification test.  Few individuals are going to make a substantial investment in a 
micro-wind turbine if product quality is a concern and the product has a short lifetime. 
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5.0 Discussion and Analysis of the 40% 
Transformer Capacity Limit 
The proposal for the limit appears to be internal to ESBN as CER accepts that no 
analysis was submitted in support of the limit at the time of CER’s publication of their 
initial consultation document, in October 2006 or before their decision in November 
2007 (CER, 2007). Of major note, is that the derivation of this limit is un-explained and 
no cross references is given to its derivation by other sources. Any queries by the author 
to ESBN have similarly failed to unearth any research which would serve to explain 
how the figure was arrived at (Hearne, 2009; O'Connor, 2010). One could say that the 
research does exist but ESBN chooses not to disclose it or that the limit is not supported 
by research but is perhaps a ‘best guess’ supported by some unidentified prudent 
network technical experience. Regardless of how the limit was arrived it, the limit does 
exist as a practical consideration when applying for a micro-generation connection on a 
‘once off’ basis or for a complete development. So what did ESBN propose and what 
does the limit (accepted by CER) actually mean? The text below is what ESBN initially 
proposed – 
 
‘ESBN proposes, in the interests of prudence, to initially set a limit of 40% 
of the total installed micro generation capacity on the existing low voltage 
substation’ 
 
This has been interpreted and accepted to mean that the total rating of the installed 
micro-generation capacity is to be limited to 40% of the rating (or capacity) of the 
existing low voltage substation (distribution transformer) to which the micro generation 
is to be connected (DIT, 2006). The discussion of the 40% transformer limit is guided in 
part by the responses received by the CER in answer to their request for proposals for 
micro-generation (CER, 2006b).  
 
In practice, the rating or capacity of local urban substations is in the region of 200 to 
1000kVA. In contrast, the rating or capacity of local rural pole mounted rural 
transformers is in the region of 15 to 200kVA. Design After Diversity Maximum 
Demand  for a typical residential customer is taken as 12kVA with all other connected 
customers assumed to have a design peak load of 2.5kVA (Shiel, 2010). Peak loads are 
short-term and can utilise some of the short-term transformer over-load rating, which 
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equals 150% of continuous rating. Taking this into account, a 15kVA transformer can 
supply up to 5 typical urban residential customers and a 630kVA transformer can 
supply up to 350 typical urban residential customers. The primary voltage of the 
substations/transformers is 10/20kV for both urban and rural situations; approximately 
50% of the existing 10kV network will be converted to 20kV by the end of 2010. (Shiel, 
2010).  Applying the 40% capacity limit to these figures reveal the total allowable 
connected micro-generation load for a minimum rated rural residential transformer is 
6kVA and for a typical urban rated transformer this is 252kVA. In the rural situation 
outlined, this means that only one connection may be allowed per pole transformer even 
though a number of customers may wish to connect.  
 
It is difficult to understand how a limit of 40% was accepted by CER; that being said, 
one has to recognise ESBN’s expertise and give deference to their professional 
judgement. CER also indicated that this position was reviewable within two years of its 
decision in November 2007 or earlier if the 40% limit was reached in a particular area. 
It is the authors understanding, that the limit remains as no appreciable amount of 
micro-generation has been installed on a local or national basis. CER have also stated 
that it will be quite some time, possibly many years, before the 40% limit is reached at 
any substation or distribution transformer (Mc Sherry, 2010).  
 
The DSO seems to anticipate a situation where there is considerably more export than 
demand, a highly unlikely scenario in the foreseeable future. ESBN have indicated that, 
in a situation where micro-generator installation would result in the 40% limit being 
exceeded, the application would not be rejected automatically. They undertake to 
complete an analysis to determine the cost of any reinforcement required to allow 
installation. However, if reinforcement is required then the customer is liable for this 
cost; in all likelihood this cost would make the connection even more uneconomic than 
the current low FIT allows. This begs the question of why have limits at all if there isn’t 
any hard evidence of serious detrimental effects. A better alternative may be to initiate a 
study to determine whether any limit was required and if so at what level. As part of this 
study, ESBN could initially review the local distribution transformers and identify 
where under or over capacity exists and publish this information on an updateable web 
site. Where significant under capacity is identified it could allow a higher limit apply 
but yet allow the 40% figure for all connections stand as a minimum, unless the study 
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identified otherwise. This type of study would enable informed customer decisions on 
prospective connections and be more transparent. Another alternative proposition for 
consideration is, if a prospective connection meant the 40% limit were exceeded, then 
this could trigger a definitive review on a case by case basis, as the need arises.  
 
It is useful to recall that wind and PV have capacity factors associated with them so in 
calculating the 40% limit one can argue that consideration of this should be applied 
rather than looking simply at the equipment rating. 
 
What are the issues that concern ESBN; is it voltage rise, harmonic generation, DC 
injection, substation export etc? It appears that voltage rise is a primary concern but 
where is the relationship between voltage rise and the 40% limit? The acceptable range 
of voltage rise (or drop) in a particular installation or section of network will depend on 
the network characteristics, the load profile and the voltage control mechanisms 
available (DIT, 2006). Voltage rise could occur if the peak output of installed micro-
generation capacity exceeded the minimum load condition for the network section but 
how likely is this to happen as the primary use of the energy produced will not be for 
export but for use within the installation. One can argue that a likely situation would be 
at night during low network loading but what micro-generation is likely be exporting at 
night? From a residential perspective, it is unlikely that there would be much micro-
generation exporting as people would be sleeping and would not be using micro-
generation just for electricity production e.g. micro-CHP. The type and size of 
technology in use also comes to bear, differing generation technologies have varying 
impacts on the grid e.g. wind and PV (depending on use with time of day). One can 
argue that, the size of generation technology in use will have minimum impact when 
compared to overall site demand. Wind is a technology that could be exporting at night 
but is highly weather dependent; it is predominantly associated with rural situations due 
so there could be voltage rise issues for rural networks. Fig. 2.1.4 previously indicated 
that the majority connected technology in the ROI was micro-wind followed by PV; this 
added to by the fact that the Irish grid also has a significant proportion of commercial 
wind turbines similarly connected in rural locations. The size of micro-wind turbines is 
generally in the 2-3kW region. 
Leading power factor can also have an impact on voltage rise in the LV network but in 
general, there is little control over power factor for a micro-generator except as outlined 
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in EN50438 or G83-1/1. The question is how likely is a micro-generator to produce a 
leading power factor which would result in significant voltage rise? The only guidance 
that EN50438 gives is in section 5.2, the PF should be between 0.95 lagging and 0.95 
leading provided the active power is above 20% of the rated output.  
 
If this is indicative of other manufacturers then how can micro-generation of this type 
contribute to a reactive power demand strategy if and when they become part of micro-
grids if their power factor cannot be automatically controlled on demand? 
 
Another question to look at is how is the 40% limit measured and when is it to be 
applied? The loading on a distribution transformer will vary over the day/week/year and 
is therefore dynamic by nature. Residential occupancy patterns will have a large 
influence on the demand and similarly for export; some micro-generators would have 
available export whereas others would not. What’s acceptable for a three-phase 
generator may be quite onerous or impossible for a single phase generator though it 
must be said that it is expected that most micro-generators would be single phase; the 
majority of urban single phase micro-generators would be in the region of 1kWe. How 
then can an arbitrary limit of 40% be imposed on such a dynamic situation without due 
regard to the appropriate variables?  
 
Note: A number of the previous arguments above have been summarised from 
respondents submissions to the CER consultation paper on micro-generation (CER, 
2006b) 
 
Looking at the literature review in section 2.0 there were three studies relevant to the 
ROI (Conlon and Sunderland, 2008; Keane and Richardson, 2009; PB Power, 2004) 
which indicated that, in general, there should be no major issues with accommodating 
100% penetration levels on the LV network. Similarly, in the UK a study by Mott 
McDonald, (2004) came to similar conclusions. These studies concluded that, on 
balance, more benefits would accrue than issues arise, with high levels of micro-
generation connection. 
 
The authors understanding is that ESBN is mostly concerned with the issue of major 
micro-generation development within urban estates where the developer intends to 
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install micro-generation in every household; this is primarily where ESBN see the need 
for the 40% limit. They are not as concerned with individual applications for micro-
generation as they see EN50438 facilitating these ‘once off’ connections with the 
minimum of paperwork and oversight.  
 
Currently, if a proposed micro-generation installation is in excess of 6kW single phase 
or 11kW three phase; ESBN need to inspect the service cable to ensure its adequacy and 
conduct a rudimentary network study. ESBN are currently conducting a technical 
analysis for micro-generation between the EN50438 limits and 50kWe in order to come 
up with a ‘rule of thumb’ to simplify the process of connections for this size of micro-
generation in the future (O'Connor, 2010). 
 
The report commissioned by SEAI investigating the costs and benefits of embedded 
generation contained an addendum focused on micro-generation (PB Power, 2004). 
This addendum outlined a model that was representative of the ROI Distribution 
Network. This work was specifically orientated in terms of how the representative ROI 
Network would/could absorb increasing levels of micro-generation. 
 
Conlon and Sunderland (2008) developed a similar model to test the claims that the ROI 
Network could not safely accommodate micro-generation in excess of 40% of 
substation capacity as outlined in CER, (2007). 
 
The representative ROI Network is comprised of - 
 
 One 500MVA Source 
 Two 10 MVA Transformer (YY0, 38/10.5kV) 
 Five, 10kV main distribution feeders (one modelled in detail) 
 
This main distribution feeder is 3km long with 1.5km being 185mm
2
 10kV Paper 
Insulated Corrugated Aluminium Sheath (PICAS) and the remaining 1.5km being of 95 
mm
2
, 10kV PICAS. The detailed main distribution feeder contains ten 10/0.433kV 
substations, each substation having four sub-distribution LV feeders.  
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One of the LV feeders is modelled in detail  - 
 
This sub-distribution feeder is 300m long with 150m being 185mm
2
 415V Combined 
Neutral and Earth (CNE) and the remaining 150m being of 95mm
2
, CNE. 
 
The model developed was flexible so as to satisfy ranging scenarios (as suggested in the 
PB Power Addendum) but initially, an investigation into the following scenarios was 
presented: 
 
 Maximum Demand on each substation (of each 10kV feeder), 0% Generation 
 Minimum Demand on each substation (of each 10kV feeder), 0% Generation 
 Minimum Demand on each substation (of each 10kV feeder), 100% Generation 
 
Each substation, served 312 customers (over three phases) and each customer is 
modelled as having an ADMD of 1.28kVA and the potential of affording a micro-
generation technology with capacity of 1.1kVA. Each substation was modelled with a 
load factor of 50%. 
 
Fig’s 5.1 - 5.4 facilitate the results of both the PB Power Addendum and the work 
carried out by Conlon and Sunderland (2008) to be compared. The justification for 
limiting the integration of increasing levels of micro-generation into ROI Distribution 
Network is premised on protecting against the inherent voltage rise associated with 
increasing the level of embedded generation, this premise (in the author’s opinion) is 
flawed. The results shown in both Fig.’s 5.1 and 5.2 suggest that the modelled 
representative ROI Network can accept almost 100% of customers with 1.1kVA micro-
generation at minimum load of 0.16kVA per customer (which is considered a 
pessimistic loading level) without exceeding the maximum voltage excess of +10%. 
This is achieved with the MV transformers on auto-tap with the sub-station transformers 
having fixed taps. Indeed, if tapping of the substation transformers was a possibility, 
one could speculate that higher levels of micro-generation penetration could be 
facilitated. 
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Figure 5.1 System Voltage Profile Max Generation - Min Load (PB Power), 2004 
 
Figure 5.2 System Voltage Profile Zero Generation - Max Load 
 
Source: (PB Power, 2004) 
Figure 5.3 System Voltage Profile Zero Generation - Min Load 
53                                                                                         
MSc Renewable Energy and Energy Management (1236)                                                                 Liam Murphy (B00456689)                                                                                         
 
 
Source:(Conlon and Sunderland, 2008) 
Figure 5.4 System Voltage Profile – Conlon and Sunderland, (2008) 
 
The work presented forms the basis of a series of investigations on the viability of 
micro-generation with further work being developed to investigate how the micro-wind 
characteristics associated micro-generation technologies impact on penetration levels in 
terms of their positioning and capabilities. 
 
A: Illustrates in both contexts (Conlon and Sunderland, 2008; PB Power, 2004) the 
reaction by the system to varying load/generation configuration. In situations where 
excessive voltage proliferation is evident, the transmission transformer has the option to 
tap down. However, the only trapping incurred was with respect to excessive load on 
the system. 
 
B:  Illustrates in both contexts (Conlon and Sunderland, 2008; PB Power, 2004) the 
reaction by the system to varying load - generation configuration. Here, the LV 
consumer connections are observed. It is worthy of note that for both studies, the only 
scenario where the potential for voltage rise (in excess of tolerances) was respect to 
maximum generation and minimum load – but for both, the tolerance was just about 
adhered to. 
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6.0 Efficiency of PV Inverter (DIT)  
It is proposed to examine the overall system efficiency of the existing PV system on the 
DIT Kevin St campus and in particular, to examine the efficiency of the associated grid 
tie inverter on an average basis over three days. In examining the inverter one has to 
consider its input, the PV array. The output of any PV array depends mainly on the 
irradiance (intensity and spectral), ambient temperature and the equivalent connected 
impedance (inverter and grid).  Normally, inverters sold in the EU have efficiencies 
quoted in excess of 90% but what efficiencies are being referred to, how are they 
calculated and what do they mean? 
 
Conversion Efficiency This is defined as the percentage of power produced from 
the PV array which the inverter can convert for grid use. The best possible weather 
conditions are assumed when calculating this value and is normally given at the rated 
power, the quality of the electronic components is the most decisive factor for the 
conversion efficiency level (SMA, 2010c). The formula below shows the relationship. 
 
            =   
   
   
 × 100% 
 
European Weighted Average Efficiency   It is defined as efficiency at defined 
values of nominal AC power as shown by the formula below 
 
      = 0.03 ×    + 0.06 ×     + 0.13 ×      
  
            + 0.10 ×     + 0.48 ×     + 0.20 ×       
 
This was first proposed in 1991 by Prof. Heinrich Häberlin from Bern University of 
Applied Sciences.  It is calculated by referencing several efficiencies at different 
operating points and weighting them according to the frequency with which they occur 
at a specific location in Europe. The formula reflects the fact that insolation values vary 
with time of day and season. Differing insolation levels give rise to differing 
efficiencies at part load inverter power. The level of DC input voltage is a significant 
factor also in the calculation of the EWAE but most manufacturers do not disclose it in 
their data sheets (Baumgartner et al., 2007). 
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Maximum Power Point Tracking Efficiency (MPPT)  This can be defined 
as the efficiency with which the inverter can make suitable adjustments to optimise the 
output of the PV array under differing ambient temperatures and differing weather 
conditions whilst maintaining a relatively constant voltage and current output - this is 
achieved by the use of an algorithm and can change over the range of the inverter. 
Again, most manufacturers do not disclose this information in their data sheets. 
Currently, there is no standard on which to compare inverters using MPPT but Valentini 
et al (2008) have proposed such a method which also enables an overall inverter 
efficiency calculation.  
 
Efficiency can be examined in several ways, examples which are detailed following -  
 
Total Efficiency (1)  The total efficiency of the inverter can be examined in the 
context of the efficiencies already outlined and can be stated in simplified format as  
       =       ×       
 
Note: the       efficiency is calculated on the basis of the EWAE method which is 
somewhat dynamic but an       efficiency can also be based on a static MPPT value. 
(SMA, 2010c).   
 
Total Efficiency (2)  The total efficiency of the inverter can also be examined 
in the context of the efficiencies already outlined and can be stated as  
 
       =             ×       
 
This definition of total efficiency is somewhat different from (1) above and has been 
extracted from a paper by Valentini et al (2008)  
 
Total Efficiency (3)  In this method, efficiency is dependent on output power 
and takes account of both fixed and variable electrical losses. This is outlined in the 
formulas below (Lazarov, Notton, and Stoyanov, 2010)  
 
       =  
    
   
 × 100% 
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 Losses are calculated from       =   +   
  
    is the constant loss and   
  are the load dependent losses  
    and   are calculated from     and        are efficiencies of nominal rated power 
 
   = 
    
          
   where            is the nominal rated inverter power 
   is the reduced power 
 
    = 
 
    
  
       
 
                                 
 
   =                    
 
Where      is the DC input power      is the AC output power 
 
 Then           ×            =      -       
 
              -      =  
     
        -           so             =  
    
            
  
 
 
In the context of this analysis, the efficiencies examined will be the conversion 
efficiency of the inverter (conversion efficiency) and overall system efficiency using the 
same definition. In addition, a calculated EWAE will be compared with the 
manufacturers quoted EWAE. The proposition tested is that the manufacturers EWAE 
will be greater than the average daily efficiency of the inverter and calculated EWAE. 
The primary driver for this is due to the decreased levels of insolation experienced in 
Ireland as compared to central Europe.  
The author with the agreement of colleagues within DIT has utilised an existing PV 
array set up for research purposes. The PV array is mounted at the side of one of the 
buildings (Church Lane). The array is mounted at a height of 8m from the ground and is 
angled at 53° to the horizontal; the array is oriented south. The array consists of five 
individual modules - Solarwatt M220-60 GET AK (220W) which are connected in 
parallel with a total active area of 7.3008m
2
.  
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The output voltage range is 25.3 - 60V and open circuit voltage is 36.1V according to 
the specification sheet (see Appendix B4 for further details). The solar modules are 
connected in parallel to minimise the effect of occasional over shading from trees; this 
configuration is low voltage, high current. Fig. 6.1 below shows the physical mounting 
of the PV array on the side of the building. 
 
Figure 6.1 PV Array DIT Kevin St 
The system inverter is a SB 1100 LV manufactured by SMA; its operating input voltage 
range is 21 – 60V and its maximum output current is 5A. It has a conflict of quoted 
peak efficiency and EWAE in the data sheets – Peak (92 or 93%) EWAE (90.4 or 
91.6%) see (Appendix B2 for further details).  
Fig. 6.2 across shows the inverter, control 
module, energy meter (kWh) and associated 
system wiring located in one of the laboratories 
 
 
 
 
Figure 6.2 Inverter Electrical Wiring 
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Figure 6.3 SB 1100 LV Inverter 
To investigate the inverters performance it was decided to primarily monitor the DC 
input and AC output but other data was gathered such as kWh exported and module 
temperature. All of the data was gathered on the average over a three minute period 
spanning approximately three days; this was the lowest data resolution time available. 
Fig. 6.4 below shows the Sunny Boy Control Plus data acquisition unit. 
 
 
             Figure 6.4 Sunny Boy Control Plus Unit 
 
Some of the data was obtained automatically from the data acquisition unit but in order 
to measure the DC input two channels had to be configured from a hardware and 
software perspective. From the hardware perspective this meant a circuit has to be 
designed to measure and accurately record the DC voltage and current (no facility was 
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provided on the inverter for such measurement). In order to accurately monitor the DC 
output from the PV array two criteria need to be taken into account  
 
 the monitoring circuit should consume the minimum amount of power so as not 
to adversely affect the measurement 
 
 the monitoring circuit needs to be compatible with the input channels of the data 
acquisition module 
The ability to produce accurate readings is vital to any monitoring project and the 
monitoring circuit needed to be compatible with the Sunny Boy Control Plus. In the 
analogue input channels of the Sunny Boy Control Plus (see Appendix B1) the analogue 
input channels of the data acquisition module accept 0-10 mV signals. A 0-10 mV input 
can represent 50A and a 0-10V input can represent 50V. A circuit was designed 
allowing the monitoring of the DC voltage and current; this involved the use of a 
current shunt and a voltage divider. The circuit diagram is shown below in Fig. 6.5 
 
Figure 6.5 Monitoring Circuit (Voltage and Current from PV Array) 
The voltage divider measured the potential drop across the inputs from the PV array 
main cables feeding the inverter with DC. The series current shunt provided a voltage 
drop signal allowing the current to be measured. 
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Calculate resistance values for parallel shunt (Voltage Monitor) 
12kΩ resistance value chosen to limit current in 
monitoring circuit 
For voltage monitoring the 0-10V input signal to the 
Sunny Boy Control Plus data logger represents the 0-
50V input PV range. 
 
Calculate resistance value for series shunt (Current Monitor) 
310 10
0.0002
50
sh
V
R
I

   
 
10mV input signal to data acquisition required 
The volt drop across the 2.4kΩ resistor produces a 0-10V output to the Sunny Boy 
Control Plus data logger. The analogue inputs were configured to convert this 0-10V 
input signal to 0-50V reading for monitoring purposes. See Table 6.1 below – 
Table 6.1 Data Acquisition Signals Representing PV Output Measurement 
Parameter Input Range Data Signal 
PV Volts (V) 0-50V 0-10V 
PV Current (A) 0-50A    0-10mV 
 
The circuit required very refined calibration to enable accurate current measurement; 
calibrated instruments were used to ensure the accuracy of the output voltage as the 
voltage swing was so low. The 0.2mΩ series shunt resistor provided a volt drop of 0-10 
mV for a possible 0-50A PV input. Again the analogue input channels of the Sunny Boy 
Control Plus data logger were configured to convert this 0-10 mV signal to a 0-50A 
reading for monitoring purposes. 
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The power consumption of the monitoring circuit was kept to the minimum possible for 
accuracy reasons. The maximum power consumption of the monitoring circuit is 0.708 
W, which is negligible and this will only occur if the maximum input of 50A and 50V is 
being received, a highly unlikely practical scenario. The effects of this power loss are 
noted but their effects on the readings are again negligible; see Table 6.2 below - 
Table 6.2 Monitoring Circuit Power Loss (Max) 
Monitoring Circuit 
Description 
Possible Power 
Consumption (W) 
Total Possible Power 
Consumption (W) 
Voltage Shunt  (50) x 4.166 x 10
-3
 = 0.2083
 
0.7083 
Current Shunt        (50
2
) x 2 x 10
-3
 = 0.5  
The data was collected on the AM of 7/5/10 to the AM of 10/5/10 and yielded results 
which are included on the CD attached to this thesis for reference. The following Fig.’s 
6.7 to 6.10 inclusive show plots of some of the data variables for one day (7/5/10 to 
8/5/10) with the remainder of the data points and plots on the CD. 
A number of interesting facts emerged from this data – 
 The inverter efficiency as plotted throughout the period 7/5/10 to 8/5/10 varies 
with insolation levels. As the insolation levels falls to 700 W/m
2
 and below the 
inverter operating efficiency appears to fall significantly 
 The overall system efficiency is generally below 15% 
 The average efficiency from 7/5/10 to 8/5/10 is 54.36% (Excel Data) 
 The calculated EWAE efficiency from 7/5/10 to 10/5/10 is 67.99% (Excel Data) 
 There are periods of time when the inverter is actually receiving a DC input but 
does not convert this to AC  
 There are periods when the inverter is actually producing an AC output but does 
not export to the grid. It stops exporting when its efficiency falls below 
approximately 18% even with AC power available (Excel Data) 
 In general, the AC output follows the DC input pattern 
 The inverter switched off at approximately 18:00 hrs to 05:00 each day 
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It was found that the inverter contains capacitance within its enclosure which appears to 
store charge at periods of low or dropping insolation; the inverter then seems to export 
this energy to the grid at other times and so it can appear that the system efficiency is 
better than expected at low levels of insolation. There are also significant periods of 
time when the inverter does receive power but does not export as can be evidenced by 
the flat line of the energy export graph.  
These periods seem to occur at low insolation levels < 300 W/ m
2
 and coincide with the 
storing of the low energy produced.  
Efficiency and EWAE 
The EWAE quoted for the inverter depending on which one is taken (either 90.4 or 
91.6%) seems to indicate a reasonable efficiency for the average consumer who 
purchases the equipment. But this efficiency is based on the formulae as detailed in 
section 6.0. The difficulty then is that this efficiency is site specific and is based on the 
frequency of specific insolation levels experienced at that site. It is difficult to for an 
inverter to be highly efficient at all loads and the EWAE allows manufactures to 
optimise their inverters for mid-range loads and therefore one can compare inverters 
against each other using this method. Taking into account that inverters are best 
assessed on their average operating efficiencies see Table 6.3 below – 
 
Table 6.3 Inverter Daily Operating Efficiencies 
Date Average Efficiencies         
(%) 
Manufacturers 
EWAE (%) 
Difference 
(%) 
7/5/10 – 8/5/10 62.75 90.4  91.6 27.65 28.85 
8/5/10 – 9/5/10 64.46 90.4  91.6 25.94 27.14 
9/5/10 – 10/5/10 59.21 90.4  91.6 31.19 32.39 
 
The total power data for the three days was separated into bins according to the partial 
loadings found in the EWAE formulae and their associated efficiencies. In calculating 
the efficiencies, periods when the inverter was not exporting were ignored (8W or less). 
The average efficiency was examined over the total operating period for the three days 
and this figure came to 60.85%. The EWAE efficiency was also calculated from the 
partial load information and came in at 68%.  
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There is approximately a 7% discrepancy between the two figures; part of the reason for 
this may arise from the fact that all power data was included when calculating the 
EWAE figure (even when inverter was not exporting).  
 
A graph of the partial power against efficiency was constructed from the data, see Fig.  
6.10.  In comparison with manufacturers graph (see Appendix B2) it can be seen that 
both curves are similar though the plotted graph from the data levels out at a far lower 
efficiency than quoted by the manufacturer in Table 6.3 above.   
 
Other reasons may contribute to this discrepancy which are not going investigated in 
detail at this time as the author was only seeking to confirm the proposition that there 
are significant differences between the manufacturers quoted EWAE figure and the 
actual operating efficiency and calculated EWAE for the DIT site.  
 
Reasons for Efficiency Differences 
When looking at the reasons for the differences between the manufacturers EWAE and 
the calculated EWAE one could examine the following in detail – 
 
 Insolation figures for Ireland are not as high when compared to central Europe 
 Time of year is a factor as this is yet only early Summer (May) 
 The EWAE formulae is not site independent  
 There may be site specific reasons affecting the level of isolation available to the 
PV array which affect inverter efficiency 
 There may be experimental errors in the data due to the accuracy of 
measurement of values and the frequency at which they were measured. One 
could repeat the measurements to see if a more accurate result could be obtained 
with a data logger having the capability of second by second measurements and 
calculating the performance of the inverter with a larger data set 
 EWAE is usually calculated at nominal voltage by the manufacturers whereas in 
reality it varies (DGS, 2007) 
 Efficiencies are also dependent on ambient temperature and the manufacturer 
normally tests at an ambient temperature of 25° C ± 2° C as per International 
Electrotechnical Commission (IEC) 61683 standard. In reality of course the 
temperature varies (DGS, 2007) 
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 Possible slow response of the MPPT algorithm to dynamic changes in input or 
output conditions 
 
It does seem to confirm that the quoted manufacturer’s figures for EWAE can only be 
treated as being reliable when compared to the conditions under which the inverter was 
tested. IEC 61683 specifies measurement at 110% of nominal power which is not 
included in the current EWAE calculation (Photovoltaic systems – Power conditioners – 
Procedure for measuring efficiency). 
 
A report by Mondol and Smyth (2004) examined efficiencies from detailed  monitoring 
of  a PV array located in NI at the ECOS centre. This study found that the efficiency of 
the inverter dropped significantly when operated at less than 20% of rated capacity. The 
inverter at ECOS centre operated at greater than 50% of rated capacity for only 15% of 
the monitored period; this indicated that the inverter was oversized and therefore 
operating at a lower efficiency. A detailed study by Jayanta Deb Mondol, Yohanis, and 
Norton (2006) examined the optimal sizing of PV systems in selected European 
locations including NI. Inverter efficiency was studied for differing sizing ratios with 
respect to the PV array and as a function of inclination and orientation for three 
differing efficiency inverters (97% - 80% - 57%) termed high, medium and low 
efficiencies respectively. The study found the self-consumption loss of the low 
efficiency inverter was higher than for the other two. The output of the low efficiency 
inverter was zero when the partial load was less than 5%. In contrast, for high efficiency 
inverters the inverter starts operation even at low levels of insolation due to low self-
consumption loss. In general, an undersized inverter will perform better under partial 
load conditions but care must be taken not to exceed its rated capacity for extended 
periods of time as the inverter will heat up excessively. The sizing ratio has an 
important bearing on the efficiency of the inverter and must be carefully selected. 
 
MPPT 
The MPPT algorithm also has a bearing on inverter efficiency and manufacturers do not 
provide data on the algorithms employed in their inverters so there is no comparison 
available. During inverter tests in Burgdorf PV laboratory, Switzerland deviations in 
conversion efficiencies of the order of 2% were noted across power ranges with 
corresponding differences of up to 200V in input voltage. When measuring MPPT 
65                                                                                         
MSc Renewable Energy and Energy Management (1236)                                                                 Liam Murphy (B00456689)                                                                                         
quality voltage dependencies in the order of 10% were found especially in the power 
ranges below 20% (DGS, 2007). 
 
One needs to ask what other functions the MPPT performs as little information can be 
obtained from the manufacturers. Besides managing the varying input from the array 
what about the output side of the inverter; it has to match the grid impedance which 
may vary. What about varying PF on the switching inductive loads? What impacts 
would these parameters have on the efficiency of the inverter? Would a low PF have an 
adverse impact? EN50438 specifies the PF should not go below 0.95 when operating at 
less than 20% of nominal power.  
 
In a study by Jayanta Deb Mondol, Yohanis, and Norton (2009) it was found that 
inverter efficiency decreases during low partial load as the inverter consumes power for 
MPPT searching, grid monitoring and auto-test procedures. When overloaded the 
MPPT algorithm deflects inverter operation away from the maximum power point and 
limits the input power to the rated nominal power. If the inverter is operating 
overloaded for prolonged periods then the lifetime is reduced due to high temperature.  
In this condition the MPPT moves the PV array operating voltage from its maximum 
power point towards open circuit conditions (see Fig. 6.6 below). 
Source:(Jayanta Deb Mondol, Yohanis, and Norton, 2009) 
Figure 6.6 Inverter Efficiency as a Function of Fractional Load 
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The study found that inverter performance was adversely affected for the sizing ratios 
above 1.2 for high insolation locations whereas the inverter performance improved for 
sizing ratios in the range 1.2 - 1.4 for low insolation locations. 
Comment on DIT Inverter Graphs 
With reference to Fig. 6.7 following  
 
A: The affect of AC/DC Power falling below the 20% threshold is illustrated in A. 
It is apparent that drops in power below the threshold - even for relatively short periods 
of time - have a cumulatively adverse affect on the efficiency over the long term. 
 
B:  The plot indicates the nonlinear time relationship that is prevalent on a number 
of levels. Firstly, the traces relating to AC/DC power are not in phase with the inverter 
efficiency. Paradoxically, however, when the fall-off of the AC/DC power is further 
investigated (between 14:42:00 and 16:48:00), it is apparent that the inverter also 
supplements operational parameters by maintaining (with a degree of success) 
efficiency at optimal level - even with fall off in insolation (compare with Fig. 6.8). 
 
C: There is a difference in the rate of action when efficiency performance and 
AC/DC power is compared. It is thought that these differences are proportional to an in-
built hysteresis so that the inverter doesn’t react too quickly – or too suddenly to drops 
in power or insolation which could render the system too stochastic in how energy is 
supplied. 
 
D: The lowest level of AC/DC power for which the inverter can operate at its 
optimal level(s) 
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Figure 6.7 SB 1100LV Inverter Power and Efficiency
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A:  Consistent with Fig. 6.7, the plot indicates the nonlinear time relationship that is 
prevalent on a number of levels. This graph (Fig. 6.8) is related to Fig. 6.7 by virtue of 
the fact that the insolation is responsible for deriving the useful power. The data plots 
for AC/DC power are not in phase with the inverter efficiency, similarly, the insolation 
plot is also phase displaced (in line with the power traces of Fig. 6.7).  
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Figure 6.8 Insolation and Inverter - System Efficiency
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In terms of energy production, two regions of operation are illustrated in Fig. 6.9 
 
A: Energy accumulation; here insolation levels are sufficient for the PV array to 
produce energy which accumulates over the period identified 
 
B: Static operation; here insolation levels are insufficient to derive useful energy 
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Figure 6.9 Energy Export
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As Fig. 6.10 clearly illustrates, optimal efficiency with respect to power delivery is in 
the range 0.2pu and 0.8pu. The apparent discrepancy observable from 0.8-to-1pu can be 
explained by the fact that for the site in question, the number of opportunities for the 
power to be in this range are significantly  less when compare to the mid-range. This is 
more a testimonial of the resource at the site in question as opposed to the capability of 
the inverter technology itself. 
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Figure 6.10 EWAE Efficiency Plot 7/5/10 – 10/5/10
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7.0 Case Study – Micro-CHP Connected 
Generator  
Contact was made with Mr. Micheal Galvin (energy consultant for this project) who 
kindly consented to a site visit by the author for the purposes of this research (Galvin, 
2010); these micro-CHP units were installed on a commercial premises. The site 
comprised of 78 apartments, a 40,000 square foot office block and a 6,000 square foot 
retail complex - the site is located at South Dock, Charlotte Quay, Dublin 4. The output 
of the micro-CHP units is utilised for heating the apartments (district heating) and 
landlord electrical loads. The primary purpose of the micro-CHP units is to provide heat 
for the district heating system and by so doing, displace heat generation from the main 
boilers. The secondary purpose is to offset the electrical landlord loads e.g. pump loads, 
car park lighting, boiler room loads etc for the complete site - an indicative plant layout 
is shown in Fig. 7.1 
 
           
Source:(Galvin, 2010) 
Figure 7.1 Plant Layout 
This project was commissioned in approximately early 2008 and was certified to G83/1 
not EN50438 (ESBN accepted G83-1 at that time). The capital and installation costs of 
the project were entirely financed by the client but SEAI paid to install a monitoring 
scheme for data gathering purposes. There are two micro-CHP units on site which have 
the capability of supplying 5.5kWe and 12.5 – 14.8kWth each from a fuel input of 
20.5kW (an extra 2.5kWth being recovered from additional condensers in the exhaust).  
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The fuel input is natural gas supplying a 599cc reciprocating Internal Combustion 
Engine (ICE) and the total efficiency is in the region of 88-99% (typical figures being 
27% electrical and 55% thermal) (Galvin, 2010). The units are normally operated on a 
24/7 basis year round and only come out of service for scheduled maintenance. 
 
The focus of the author’s interest in respect of this research is the interface of the micro-
CHP generator to the grid and other associated issues rather than the broader scope of 
the project. The generator in the micro-CHP units is an asynchronous induction 
generator taking its excitation from the grid in order to start and utilises a 
microprocessor interface unit to control all functions of the micro-CHP. Due to the 
nature of the generator it is unable to supply reactive power for local or system voltage 
support.  Fig. 7.2 shows both units in situ in the plant room along with the interface unit 
associated with each generator. 
Figure 7.2 Dachs Micro-CHP Generator and Interface Unit 
 
There were no major issues with the micro-CHP units with respect to the electrical 
interface except for the PF issue mentioned. The nameplate on the micro-CHP unit 
stated the PF to be 0.9 but when measured on a before and after basis at the micro-CHP 
units the PF dropped to 0.88 when the units were operating – see Fig. 7.3 
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Figure 7.3 Micro-CHP Generator Nameplate 
The utility company charges for reactive power supplied below 0.95 lagging so clearly 
this issue needed to be rectified. Both G83/1-1 and EN50438 clearly indicate that units 
certified to these standards should be able to control their PF within the range of 0.95 
lagging to 0.95 leading (G83/1-1) provided the active power is above 20% of the rated 
output (EN50438). It appears that, in this instance, the units were non-compliant and 
were unable to maintain their rated PF at rated output; they also had an adverse affect on 
the PF of the installation as a whole when connected– see Fig. 7.4 
 
 
                         Figure 7.4 PF Readings at Supply Intake 
 
A decision was taken to install fixed PF correction equipment including a tuned filter at 
the supply intake to additionally deal with harmonics – see Fig. 7.5 
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Figure 7.5 PF Correction and Tuned Filter Equipment 
 
The installation can sometimes run on an overcorrected PF depending on the load but 
the additional cost of an integrated control strategy to automatically correct the PF was 
not considered necessary due to the additional expense. The energy consultant was 
satisfied once the previously adverse lagging PF was remedied for all load 
circumstances.  
 
The units have currently exported in excess of 22,000 kWh and been successful in 
offsetting the landlord services utility bill as there is a demand for space or water 
heating all year round. The micro-CHP units keep the main boilers off line for long 
periods of time and operate at higher efficiencies (normally > 90%); main boilers (gas 
fired) are only used in periods of high heat demand with efficiencies in the region of 65 
– 70%. 
 
An emerging concern in the installation is evidence of harmonics in the neutral, the so 
called triplen harmonics which are odd multiples of the 3
rd
 harmonic. They are of 
concern as they are additive in the neutral and cause large circulating currents in the 
neutral – see Fig. 7.6 showing a THD of 47.8%. 
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                  Figure 7.6 Site Harmonic Content 
 
A rather limited amount of technical information was available to the author in respect 
of the grid interface units on the generators and the PF technical issues from the 
generator manuals. Contact was initiated with manufacturer (Dachs) directly and 
through manufacturer’s agents via telephone and e-mail. The author communicated with 
the following, Mr. Frank Daly of Kinviro (ROI), Mr. David Shaw of Baxi (UK) and Mr. 
Daniel Weisensel of Dachs (Germany).  
 
The purpose of these communications was to investigate and determine the following - 
 
 Understand and determine how PF issues occurred with the Dachs units  
 Understand how the Dachs units control PF  
 Understand how the Dachs unit synchronises with the supply  
 Understand the manufactures test in relation to G83/1-1 and EN50438 
 Explanation as to how the units are certified as G83/1-1 when the manufacturers 
nameplate indicates that the units only have a PF of 0.9 
 
The author entered into extensive technical communications on the matter over a 
number of weeks. Both the local and UK agents have deferred to Dachs German 
headquarters to deal with the queries but to date no response was received other than 
clarifying the technical issues concerned for Dachs. 
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One of the particular points raised are the requirements of G83/1-1and EN50438 in 
respect of PF. 
 
‘Section 5.6 G83/1-1 
 
When operating at rated power the SSEG shall operate at a power factor within the 
range of 0.95 lagging to 0.95 leading relative to the voltage waveform unless 
otherwise agreed with the DNO e.g. for power factor improvement.’ 
 
‘Section 5.2 EN50438 
 
The power factor of the micro-generator at normal steady-state operating 
conditions across the statutory tolerance band of nominal voltage shall be between 
0,95 leading and 0,95 lagging, provided the output active power of the micro-
generator is above 20% the rated output power of the unit 
 
 
There were obviously issues with respect to the PF in the installation which the micro-
CHP units adversely affected. These asynchronous generators receive reactive power 
from the grid to operate but seem to have no capability of supplying reactive power to 
the grid so they would have difficulty partaking in any future micro-grid network or 
VPP; comment on this was also sought from Dachs. 
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7.1 Baxi Micro-CHP  
The  author has been in contact with Baxi Group in the UK who on 16
th
 April 2010  
launched a micro-CHP unit targeted at the residential domestic market (Baxi, 2010a). 
Interestingly, before the launch in UK, this particular micro-CHP unit was and still is 
currently on trial in the ROI with the gas utility company BGE (Gallagher, 2009).  The 
micro-CHP unit utilises an External Combustion Engine (ECE) and more particularly, a 
sterling engine – see Fig. 7.1.1 below – 
  
 
Source:(Baxi, 2010b) 
Figure 7.1.1 Baxi Micro-CHP Sterling Engine 
 
The electrical output of the micro-CHP follows an assumed typical daily domestic 
electrical base load of 0.2kWe - 0.9kWe and only generates when there is heat demand. 
The piston, as shown, travels between copper coils during operation generating up to 
1kWe at 50Hz / 230V single phase (Baxi, 2010b). 
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BGE have had to deal with some issues relating to the certification of the electrical 
interface during the trial which are not entirely clear as BGE did not disclose all the 
details. However, the author understands that the issues relate to certification of the unit 
to G-83/1 and EN50438 standards with respect to the micro-CHP electrical interface. It 
is the authors understanding that the micro-CHP electrical interface certification settings 
can be changed by means of ‘dip switches’ located in the electrical interface unit for 
various EU country specifications. Some countries such as Germany, France and Italy 
also require the installation of an external relay as part of their national requirements 
(Jackson, 2010). The electrical interface unit has been designed and manufactured by 
Siemens in conjunction with Microgen Engine Corporation (MEC, 2010). Both BGE 
and ESBN along with Siemens have been involved with resolving these issues. 
 
ESBN have currently given a derogation for the trialling of six micro-CHP units which 
BGE have purchased; the author understands these are certified to G83/1-1 (Gallagher, 
2009). This micro-CHP unit is currently available for import to the Irish market but 
unless ESBN concerns are resolved satisfactorily certification would be a major issue 
for any supplier utilising this unit into the future in the ROI market. It is hoped the trials 
of these units will resolve any such concerns.    
 
One of the benefits of this wall mounted unit is that it doesn’t require the connection of 
any external electrical equipment such as an inverter. It is basically a ‘plug and play’ 
unit as far as the electrical interface is concerned; the electrical output is fed from the 
same electrical supply cable. 
 
When Baxi was queried in relation to the PF of this unit they indicated that the PF at 
start is approximately 0.95 lagging but reaches 0.99 lagging in a few seconds. Baxi 
indicated that no method was incorporated in their boiler control system for automatic 
adjustment of PF. However, they indicated that they do take account of PF by 
incorporating a large capacitance into the gas engine circuit - 440 µF. As all the gas 
engines are manufactured to close tolerances the inductance of each engine 
manufactured can be taken to be the same. These gas engines can therefore be each 
accurately matched to the 440 µF capacitance resulting in a PF of at least 0.99 or better 
once the unit is generating positively (Jackson, 2010).  
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Similar to the Dachs micro-CHP, the Baxi micro-CHP type cannot contribute to a 
reactive power demand strategy as part of micro-grids or VPP if their power factor 
cannot be automatically controlled on demand. 
 
BGE came to a competitive commercial arrangement with Baxi for the units which have 
a price tag of €10k+ each; BGE have selected some of their employees who have these 
units installed in their homes. As previously outlined in section 4.3 there are difficulties 
in BGE getting paid for any export as there is no mechanism in place for this to occur. 
They are however, actively in discussions seeking a mechanism for a work around with 
CER and ESBN (Gallagher, 2009).  It is the author’s opinion, that if the price remains at 
this level it would be difficult for the unit to gain acceptance in the domestic ROI 
market especially considering the unfavourable economic climate. 
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8.0 Case Study – Micro-Wind Generator  
It was decided to look at micro-wind connected generation as the majority of renewable 
connections are micro-wind, as detailed previously in section 2.1. This particular case is 
also of note as the micro-wind generator in question is a Chinese manufacturer looking 
to break into the Irish market (Zhejiang Huaying Wind Power). Two similar micro-wind 
turbines have been installed in the same general area, the other being manufactured by 
Proven. The cost of purchase, installation and commissioning of the comparable Proven 
model was approximately €25k. In comparison, the total cost of the Chinese model was 
approximately €14.5k. The micro-wind systems were installed at Kilmurray, Redcross, 
Co. Wicklow; the orientation of the Chinese micro-wind turbine is primarily in a SE 
direction towards the off-shore Arklow Bank wind farm, a section of which is just 
visible in the distance. Mr. Peter Stone who is the installer and owner of the turbines 
kindly consented to the site visit and provided information for the purposes of this 
research. 
    
 
Figure 8.1 Looking Towards Arklow Bank in a SE Direction 
The micro-wind turbine is a 5kW three phase 
model mounted on a free standing tower with a 
total weight of 1200kg, mounting height of 8m, 
operating in a downwind configuration. The 
micro-wind turbine is designed to be assembled 
from kit form supplied by the manufacturer; it was 
assembled on the ground and hoisted into position 
by means of a crane. 
 
 Figure 8.2 Tower and Micro-Wind Turbine 
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The tower is secured to a concrete base but can also be supported by means of guy wires 
as an alternative. The generator is mounted on the turbine shaft and forms part of the 
nacelle. The generator outputs three phase AC of variable frequency and voltage. The 
construction of the AC generator is similar to that of an alternator in a car or truck; it is 
a permanent magnet generator. The AC that’s generated is then fed to a controller which 
rectifies the variable AC to variable DC. This controller also has a resistive dump load 
incorporated. This variable DC is then fed to an inverter which inverts the variable DC 
to constant single phase AC voltage and frequency suitable for grid connection (230V, 
50Hz). 
A basic connection scheme is shown below for these devices for grid tie operation – 
 
 
Source:(Stone, 2010) 
Figure 8.3 System Components 
 
Controller  
The controller consists of three mains parts – rectifier, dump load with control circuitry 
and brake; a basic internal layout of the controller is shown below. The controller is 
manufactured by Sungrow. 
  
 Source:(Stone, 2010) 
Figure 8.4 Controller Internal Layout 
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 Rectifier 
The rectifier converts the three phase AC power to DC power through the diode bridge 
rectifier. The maximum allowable line input AC voltage, Root Mean Square (RMS) is 
550V and the maximum DC output voltage is 780V. 
 
 Dump Load 
The purpose of the dump load is to utilise any excess power generated by the micro-
wind turbine by introducing a resistive load i.e. if the DC voltage exceeds 590V or the 
AC line voltage is greater than 417V. The dump load is rated at 6kW and also uses an 
incorporated cooling fan if necessary. 
 
 Brake 
An electrical brake is used which short circuits the windings of the micro-wind 
generator when operated in the closed position. This does not prevent the micro-wind 
generator from turning but prevents any electrical output from it. 
 
Inverter 
The inverter uses insulated gate bipolar transistors (IGBT)’s to perform the basic 
inversion of DC to AC. A basic internal layout of the inverter is shown below; the 
controller is manufactured by Sungrow. 
 
 
                Figure 8.5 Inverter Internal Layout 
Source:(Stone, 2010) 
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The sequence of operation for the inverter is as follows –  
 
 Turbine starts to rotate and produces power (≥ 3 ms-1 wind speed) 
 The controller starts charging the DC bus 
 The DC input voltage exceeds VDC (default value 220V) 
 Inverter checks that grid parameters are within limits 
 Inverter waits for 180 seconds and starts operation and tracks wind turbine to 
produce maximum power for available wind speed (Maximum Power Point 
Tracking or MPPT) using an algorithm 
 
The relationship between DC input voltage and output power can be seen below – 
 
 
Source:(Stone, 2010) 
         Figure 8.6 Inverter DC Input Voltage v Power Output 
 
Vdc-start – Inverter is capable of outputting power 
Vdc-rate – Inverter is operating at it nominal rated output (corresponds to Prate 5kW) 
Pmax – Inverter is operating at maximum power (5.5kW) and output will be limited to 
this level or below 
 
The inverter will disconnect from the grid if the grid voltage or frequency exceeds the 
defined limits within 0.2 seconds. Inverter will also disconnect if the grid impedance 
exceeds 1.5Ω.  
Photographs of the inverter and the controller are shown from left to right respectively – 
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Figure 8.7 Sungrow Inverter and Controller 
 
The parameters which the Sungrow inverter uses are detailed in Table 8.1 below; these 
settings are user adjustable and demonstrate that the inverter can be set to the limits as 
defined in EN50438. The clearance time for this inverter is well within the limits of 
EN50438 for both frequency and voltage.  
 
Table 8.1 Parameter Range for Sungrow Inverter 
Parameter  
 
Description Set Range Default Value 
Vgrid-max Min AC Voltage 240V-260V 250V 
Vgrid-min Max AC Voltage 180V-200V 180V 
Fgrid-max Maximum AC 
Frequency 
50.5Hz-51.5Hz 51Hz 
60.5Hz-61.5Hz 61Hz 
Fgrid-min Minimum AC 
Frequency 
47.0Hz-49.5Hz 49Hz 
57.0Hz-59.5Hz 59Hz 
Source:(Stone, 2010) 
Fig. 8.8 opposite shows the nameplate of the 
Sungrow inverter on site; it shows the 
maximum DC input current as 25A but the 
output current is not shown, however, the 
manual indicates 21.7A AC at nominal rated 
power.  
 
 
Figure 8.8 Sungrow Inverter Nameplate 
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Interestingly, the quoted PF is 0.99 operating at a nominal rated power of 5kW but no 
details of PF at any other partial load is provided. It is to be expected that an inverter 
will operate at almost unity PF as it is normally designed to adjust its output in 
accordance with the input whilst maintaining unity PF (or close to). This is in contrast 
to the micro-CHP unit which had no capability to adjust output PF and had to have PF 
correction capacitors fitted to the installation.  
 
Efficiency  
There are issues with respect to the efficiencies quoted for system components and 
overall efficiency e.g. there is no efficiency quoted for the controller but the inverter 
quotes a peak efficiency of 94% and a European efficiency of 93%.  
 
If peak efficiency is 94% this implies a loss of 6% spread between the controller and 
turbine output assuming peak efficiency coincides with nominal turbine output. The 
inverter manual indicates its output to be 5kW at nominal output power yet the 
nameplate indicates input power to be 5kW also. It would be wonderful if there was 
100% efficiency but alas this is not so. This situation illustrates the difficulties of 
working out efficiencies from the information on the nameplates and information 
provided in the manuals from the manufacturers. It can only be relied upon as 
indicative, monitoring and measurement would be required for actual true efficiencies.  
 
Wind Turbine 
The wind turbine has a blade diameter of 5.6 m and the blades are made from fibre 
reinforced plastic. It delivers its rated output of 5kW at a wind speed of 11 ms
-1
 with a 
start up wind speed of 3 ms
-1
. The micro-wind turbine normally operates in wind speeds 
of approximately 3 – 11 ms-1 but can operate up to 25 ms-1 with a survival wind speed 
of 50 ms
-1
. The relationship between wind speed, rotational speed and power output can 
be seen in the graph below. 
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Source:(Stone, 2010) 
             Figure 8.9 Wind and Rotational Speed v Power Output 
The micro-wind turbine is a downwind type without tail vane and the manufacturer has 
estimated a lifespan of 15 years for the micro-wind turbine which equates to 30,000 
running hours; this gives an average of 5.48 running hours per day. Assuming it would 
run at rated speed and export all its output for average hours – 
 
kWh/day = 5 x 5.48 = 27.4 kWh/day  Export Payment = 27.4 x 19c = €5.21/day 
 
This is a poor return on the investment assuming ideal conditions and would seem to be 
hardly worthwhile in the circumstances considering the capital outlay in the first 
instance. It demonstrates a huge disincentive for any rural residential consumer 
considering micro-wind as the payback period would be very long indeed considering 
the average figures. Even if the output were used entirely on site this would represent a 
saving of 27.4 x 16c = €4.38/day on the utility bill. 
 The micro-wind turbine uses a simple but 
effective mechanical means to control the 
blades pitch enabling the rotational speed to be 
limited to approximately 13 ms
-1
 even in storm 
conditions. There are three centrifugal 
‘hammers’, one located on each of the three 
blades which perform the function of blade 
pitch control to keep rotational speed within 
limits.  
 Figure 8.10 Centrifugal Hammers 
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Fig. 8.10 shows each of these centrifugal hammers mounted on the individual blades. A 
means is also provided to mechanically lock the micro-wind turbine from rotating 
located inside a winch access on the base of the tower. This is basically a winch 
mechanism connected by steel rope to the pitch mechanism on the blades; once operated 
this will lock the blades in position and prevent rotation. Photographs below show this 
mechanism along with winch access on base from left to right respectively. 
 
  
Figure 8.11 Mechanical Brake and Access Cover 
Even though the site was commissioned on 18
th
 February 2010 ESBN did accept 
certification to G-83-1/1 despite indications that EN50438 would only be acceptable. 
Local ESBN were quite satisfied for the installation to proceed as they had voltage drop 
issues in the area and felt that the installation of the turbine would improve the situation.  
 
The turbine has been operating satisfactorily since commissioning without any issues so 
far. It has generated 862 kWh since then from a total of 2095 running hours. When the 
output of the other Proven turbine was compared with the Chinese model over the same 
time period the Proven model outperformed the Chinese model in the region of 8-10% 
(Stone, 2010). This difference in performance may be accounted for by the difference in 
site conditions as the power varies with the cube of wind speed. 
 
This Chinese manufacturer has done independent certification with a UK test house 
named EUT, the test house claims to be accredited with many national and international 
organisations and accreditation bodies however, the author has been unable to verify 
this claim (EUT, 2010). Please see Appendices D1 for details on the G83/1 certification 
of the inverter, Restriction of Hazardous Substances (RoHS) and CE certification of the 
micro-wind generator.   
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9.0 Conclusions and Recommendations for 
Further Work 
To conclude the research it is useful to review what has been examined or discussed in 
the previous chapters.  
 
Chapter one introduced the research and intended to outline the scope of the research 
and to contextualise it in terms of ROI. It introduced the standard EN50438 and G83/1 
and discussed the issues of definition of micro-generation though this was confined to a 
definition as contained in EN50438 and intended mostly for domestic residential 
connections. Chapter one also introduced the literature review and indicated that the 
micro-generation position would be examined and discussed from the international 
perspective, particularly the UK and Portugal and briefly Denmark. The headline 
technical issues with micro-generation were mentioned some of which were gone into 
in greater detail, particularly voltage rise on the LV network. 
 
Chapter two examined the literature associated with micro-generation and was mostly 
concerned with reviewing the technical issues. It reviewed ROI and international studies 
and took particular interest in the ROI and UK studies. As could be expected there is a 
multitude of international literature available compared to ROI, this indicates that other 
countries are further down the micro-generation path than ROI. From the literature 
reviewed it seems that there are no major technical barriers to the introduction of micro-
generation in ROI. 
   
Chapter three detailed the methodologies used in the research which were a mixture of 
qualitative and quantitative techniques though predominantly quantitative. These 
techniques were aligned to the aims and objectives and were appropriate for the scope 
of the research outlined. 
 
Chapter four considered the genesis and evolution of EN50438 and discussed its 
adoption in the ROI context. It proved difficult to extract information from CENELEC 
with respect to meetings of TC8X which were responsible for formulating and 
introducing the standard. Type certification issues were encountered with respect to 
Chinese manufactured products with respect to micro-wind turbines. The author expects 
that these issues will present more forcefully as time progresses with more individuals 
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and companies expected to make use of micro-wind turbines; this needs to be addressed 
as a priority to prevent it becoming a major issue for the micro-generation industry and 
ESBN. 
 
Chapter five reviewed and briefly analysed the position with respect to the 40% 
transformer/substation capacity limit which is currently in place for micro-generation 
connections in the ROI. It is clear that there is little or no information in the public 
domain or indeed within CER which supports the limit, as presently constituted. It 
appears from a technical perspective that with respect to voltage rise, technical studies 
have shown that there are really no concerns. In the absence of contrary evidence from 
ESBN one would have to say that their concerns are unfounded. 
 
Chapter six analysed the efficiency of a PV inverter located on the DIT Kevin St 
campus and utilised a quantitative approach. It examined the efficiency claims of a 
German manufactured inverter, particularly with respect to EWAE. The analysis 
appears to show that in general one must be circumspect with regard to selecting 
inverters solely on the basis of EWAE as one can be surprised to find that the inverter 
may not live up to efficiency expectations. There are several factors to be considered 
with inverter selection with the site insolation profile having a major influence on 
inverter performance. The data analysis was for a brief period of three days which limits 
the conclusions somewhat but it is nonetheless indicative. It can be concluded at the 
very least that the inverter will not perform at the stated EWAE for all its working 
range, particularly at partial loadings. 
    
Chapter seven detailed a micro-CHP case study located in commercial/residential 
premises in Dublin. This is an interesting example of the implementation of connecting 
micro-generation units to the grid. Another factor to note is that SEAI had installed 
consumption and performance monitoring equipment to collect data in order to use the 
site for a detailed case study.  One of the issues with this installation was the units did 
not perform to the stated PF and performance was outside the limits for reactive power 
charging from the utility (0.95 lagging). EN50438 and G83/1 both indicate limits of 
operation for PF. The units were certified to G83/1 which indicates that the units should 
operate between 0.95 lagging to leading respectively at rated output. The test certificate 
indicates unit performance at 0.97 lagging under test conditions which is compliant. The 
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questions remains why were the units stamped with a PF of 0.9 and why was their 
actual performance recorded at 0.88 lagging. These questions have been posed to Dachs 
but to-date no definitive response has been received by the author. 
     
Chapter eight detailed a micro-wind case study located in Co. Wicklow in a rural 
setting. This installation is of note firstly, as the micro-wind turbine associated 
equipment is of Chinese origin and secondly, the majority of micro-generation in ROI is 
wind based. The local ESBN personnel were satisfied to have the turbine installed as 
they felt it would improve the local voltage profile and were very helpful to the owner 
who was in fact, the installer. Interestingly, ESBN accepted the G83/1 certification of 
the inverter once the EN50438 settings were applied to the inverter instead of the 
G83/1.  The owner is a registered electrical contractor who is interested in importing the 
micro-wind turbines into the ROI so he has installed this one on his own property for 
assessment purposes. It really is too early to tell if there are going to be issues with this 
turbine similar in nature to the type of certification issues discussed previously or 
failures of the type associated with the study in NI. The authors concern is that the 
manufacturer’s lifetime is quoted as 15 years or 30,000 running hrs which is rather 
small. The authors view is that a micro-wind turbine should have a lifetime in the order 
of 25 years or more. That being said, there have been no issues forthcoming from the 
installation since commissioning. 
  
General Conclusions 
 
 EN50438 has been extremely useful in providing a technical framework that has 
and will continue to facilitate the connection of micro-generation with ease of 
connection and uniformity of standards and practice 
 
 More studies need to be undertaken work to understand the basis of the 40% 
transformer/substation limit be it technical, economic or both. These studies 
should be published so that all key stakeholders understand the issues involved 
from an ESBN perspective 
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 A testing and performance standard should be established for micro-generation 
technologies especially with regard to micro-wind turbines. Work on the 
establishment of this standard could be initiated in the same way as the 
establishment of EN50438. 
 
  Micro-generation has great potential but is currently hampered by a lack of 
appropriate standards (with some exceptions) especially with regard to testing, 
installation, commissioning and maintenance. A scheme similar to the Micro-
generation Certification Scheme (MCS) in the UK would go a long way in 
setting a standard (this is referred to later in section 9.3). 
 
 The current level of the FIT offered by ESBN and ESBCS (19c/kWh total) 
presents very poor encouragement to any individual who wishes to install 
residential micro-generation. Neither is any government grant offered for 
installation of micro-generation and likewise this gives little encouragement to 
micro-generation. In contrast in the UK, a FIT is paid for all generation 
including self-consumption plus and extra 3p/kWh for export units. 
 
There is lot of further work that could be recommended out of this research and what 
the author is now suggesting should not be considered a limitation. However, the author 
feels that further work in the areas of grid intelligence development and indeed 
infrastructural development of the physical architecture of the network is necessary for 
the facilitation of micro-generation. There are issues to be addressed also in terms of the 
cost of micro-generation (if any) to the utility and who will actually bear these costs into 
the future. For now it seems micro-generation offers net benefits to the utility but this 
may not be the case for increasing levels of micro-generation penetration. Lastly, the 
whole issue of installer training is a crucial one if the consumer is to have faith in the 
credibility of the installers and the technology supplied. These matters are detailed 
further in the following sections. 
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9.1 ROI Grid Development    
The ROI grid has seen major challenges in terms of power demand over the decades 
with the increasing industrialisation of the country from a rural economy and the 
increasing urbanisation of the population. This transition has been well managed by the 
ESB and its subsidiaries in the past. With wind and other renewable technologies taking 
an increasing share of the generating base, the management of the grid has become 
more challenging than previously. This will continue to pose problems for Eirgid who 
have the responsibility for managing the transmission network; ESBN on the other hand 
have the responsibility for managing the distribution network. The distribution level 
voltages are 230V/400V/10kV/20kV/38kV including small sections of the 110kV 
network. Transmission voltages are 220kV and 400kV including remainder of 110kV 
network. (Shiel, 2010). Not alone will both companies have to deal with increasing 
levels of wind penetration they may also be faced with the prospect of having to deal 
with the possible medium to large scale deployment of micro-generation and all that it 
entails.  
 
An all island grid study was commissioned in July 2005 by the ROI and NI 
governments; reports were published in January 2008 and examined most aspects of the 
integration of renewable energy into the all island grid. Additionally, the report 
examined what changes needed to take place to the network to accommodate renewable 
energy, particularly wind generation (DCENR, 2008a). The report was divided in four 
sections termed Work Streams (WS) as detailed below in Fig. 9.1.1 
 
Source:(DCENR, 2008a) 
Figure 9.1.1 Work Streams of the Study and their Interactions 
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A grid reinforcement programme was rolled out in October 2008 by Eirgrid primarily to 
deal with increasing wind penetration and higher load demands; this programme looks 
out to 2025, termed Grid 25. It will effectively double the capacity of the transmission 
grid by this date and will additionally support the renewable energy sector including 
micro-generation. Grid 25 is utilising aspects of the all island grid study for its 
implementation and the authors understanding is that the Grid 25 programme is being 
successfully implemented. The programme represents an investment of approximately 
€4 bn (Eirgrid, 2008). 
 
The development of the grid needs to implement and integrate a range of technologies 
which will communicate together allowing for far better management of the grid for 
control, maintenance and fault management. This type of grid development can best be 
described as increasing the level of grid intelligence from its present low level. 
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Intelligent Grid 
An intelligent grid is a power grid that makes extensive use of sensors for grid 
observation and integrates many data sources to drive analytical decisions regarding 
advanced operational control and strategic decision making in the following areas 
 
 Faults and outages 
 Grid automation 
 Power quality, reliability and planning 
 Asset management of the entire grid 
 Self-directed maintenance crews  
 
A truly intelligent grid can only come about by working with other technologies which 
integrate the whole network from generation, transmission and distribution through to 
consumer networks. Eirgrid have indicted their intent to make as much progress as 
possible towards this end with the transmission network at least. Some of the 
technologies which may make this a reality are outlined as follows. 
 
Smart Metering (SM) 
Smart metering if and when it is rolled out will play an important indirect role in how 
the grid is developed into the future. Smart metering metering can include a range of 
functions and capabilities – 
 
 Display and recording of real time information 
 An internal memory to store previous patterns of consumption and allow trends 
and comparisons to be discerned 
 Distinguish between the import and export of electricity 
 Undertake two-way communication with a central processor that would permit 
the use of the data for billing and other purposes, such as risk management 
 Receive instructions to switch designated circuits, or all supplies to premises 
 Time of use tariffs 
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Demand Side Management (DSM) 
Demand side management involves actions that influence the quantity or pattern of use 
of power consumption by consumers, e.g. reduction of peak demand during periods 
when power systems are constrained. 
 
 DSM actions are cost efficient and bring substantial financial savings 
 DSM actions can improve the well being and comfort of end-users 
 DSM actions are win/win solutions with positive impacts for all involved 
 
DSM actions are normally taken by utility supply companies to even out the peaks and 
troughs of electricity demand; these actions are normally undertaken with large 
commercial or industrial customers though specific schemes like curtailment of load 
during peak periods etc (Ryan, 2007). In future, DSM strategies could be developed for 
most electricity consumers. 
 
Intelligent Load Shedding 
An intelligent load can be described a load which through the use of sensors, 
automation and communication can reduce or disconnect its demand from the utility 
grid. Load shedding can be implemented at utility level or individual customer level. 
Intelligent load shedding would enable loads to be prioritised and shed accordingly.  
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9.2 Tariffs and DSO Economic Considerations 
The tariff currently available to micro-generation is the ones previously discussed in 
section 2.1. The current situation, when connected at LV is that there is no charge for 
the use of the distribution or transmission system. This is not the case for other 
generators who must pay charges for the use of the systems. It makes sense not to 
charge for system use for such low levels of possible generation as it would discourage 
residential consumers from availing of micro-generation and put another barrier up. 
Domestic and rural residential consumers pay standing changes in any event which are 
contributions to network maintenance and development.  
 
Some the benefits of micro-generations to the DSO are outlined below – 
 
 Reduced losses 
 Emissions reductions 
 Network investment deferral 
 
But what happens if the penetration levels increase and instead of benefits accruing to 
DSO that instead the costs outweigh the benefits of having micro-generators connected. 
Who then is going to pay the extra cost of having these generators on the system? 
ESBN may have been prudent in limiting the amount of micro-generation connected to 
the system to 40% until they can assess the economic impact to their network. The 
assumption is that there is a net benefit to ESBN if the limit is kept to or below 40%. It 
is difficult to verify this hypostasis as despite extensive communications with ESBN on 
the 40% limit no response was received by the author.   
 
In Li and Lima (2008) an assessment was put forward for the city of Bath in the UK in 
relation to the economic effects on the up-take of micro-generation. Using growth 
trends put forward in a UK government report on micro-generation (BERR, 2007), two 
scenarios were run (one with regulation and one without) where it was predicted that the 
costs of micro-generation would increase to the DSO as penetration levels increased. 
This is primarily due to the reversal of power flows when a significant amount of micro-
generation is present.  
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In Costa, Matos, and Lopes (2007) an argument was put forward for the establishment 
of  regulatory framework for micro-generation and micro-grids which was seeking to 
remove barriers to the development of micro-grids. The paper looked a regulatory 
framework for the distribution of costs and benefits for the entities or individuals 
involved in the establishment of micro-grids. Whilst the argument is set forth for micro-
grids the same arguments can be made for a framework for micro-generation in the first 
instance.  
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9.3 Specifier and Installer Training 
The micro-generation market in the ROI is in its infancy and needs expert guidance for 
proper growth and development. The product sold to the consumer must be fit for 
purpose and installed and commissioned correctly. Who is currently trained and 
certified to this task? One can frankly say that there are few companies in the market 
and the concern would be that the product could easily be oversold and worse still 
installed incorrectly. Installation and commissioning of the electric system wiring can 
only be done by registered electrical contractors but how many electrical contractors 
have adequate experience installing renewable generators, yet all are eligible to install 
such systems. How does a householder know who has proper experience and who 
hasn’t? What about the installation of the tower and base of a micro-wind turbine and 
the proper commissioning on the turbine and inverter grid tie interface? How does the 
householder know if the system is performing to specifications and what recourse is 
available if the system wasn’t installed or commissioned incorrectly? The thinking 
seems to be that these micro-generation products are just like any other household 
goods and can be sold as such but this would a disaster; they are clearly unlike normal 
household electrical goods. Regulation and training is surely a necessity for the 
successful growth of this industry. 
 
There are many companies who would like to jump on the ‘green’ bandwagon and make 
a quick profit but these are companies who are not intent to be there for the long term. 
For the market to grow properly it requires companies who are committed to quality, 
safety and customer service. There are currently no grants available to a householder for 
the installation of micro-CHP or micro-wind though there are grants available for 
renewable heat sources e.g. solar water heating, solar space heating, ground and air 
source heat pumps, wood chip and pellet boilers and stoves and wood gasification 
boilers. These grants are administered under the ‘Greener Homes Scheme’ run by SEAI 
and to be eligible for grant aid, only installers registered and approved by SEAI can be 
selected. Being registered and approved by SEAI, involves being qualified and certified 
as a installer for the particular technology, agree to SEAI inspections and enter into and 
accept arbitration processes.  Likewise, only registered products which meet approved 
European standards and give appropriate warranties with their products are eligible to 
be installed (SEAI, 2010a). 
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A scheme similar to this should be implemented for the installation and commissioning 
of micro-CHP technologies but until grants are being offered then it difficult to see a 
disparate range of contractors and suppliers coming together forming and implementing 
a voluntary code of practice, for example. For an appropriate scheme, it needs 
governmental leadership and action. 
 
In the UK, an independent scheme was set up to certify micro-generation products and 
installers in accordance with consistent standards. Its purpose is to evaluate micro-
generation products and installers against robust criteria - MCS. It covers all micro-
generation products and services, and has support from the Department of Energy and 
Climate Change (DECC), industry and non-governmental groups. This is the type of 
scheme which should be examined for transferability of all the best practices for 
implementation in the ROI. 
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11.0   Appendices 
A. An Overview of Relevant Regulations for DG 
Table A.1 Overview of Relevant Regulations for DG 
 
Source: (Bloem, 2006) 
 
Note: The IEEE 1547 is believed to be the most general interconnection standard available
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B. PV System Data 
B.1 Sunny Boy Control Plus Datasheet  
Table B.1.1 SB Control Plus Technical Data 
 
 
Source:(SMA, 2010b)
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 B.2  SB 1100LV Datasheet  
 
 Table B.2.1 SB 1100LV Technical Data (1-4) 
 
 
Source:(SMA, 2010a)
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Table B.2.2 SB 1100LV Technical Data (2-4) 
 
 
Source:(SMA, 2010a)
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Table B.2.3  SB 1100LV Technical Data (3-4) 
 
 
Source:(SMA, 2010a)
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Table B.2.4  SB 1100LV Technical Data (4-4) 
 
 
Source:(SMA, 2010a)
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  B.3 SMA Quotation and Technical Data  
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B.4 Solarwatt PV Panel Datasheet 
 
 
Source:(Solarwatt, 2010) 
Figure B.4.1 Solarwatt M220-60 GET AK (1-2)
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Source:(Solarwatt, 2010) 
Figure B.4.2 Solarwatt M220-60 GET AK (2-2)
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C. Dachs Micro-CHP G83/1 Test Certificate  
 
 
Source:(Daly, 2010) 
Figure C.1 Dachs G83/1 Test Certificate (1-4) 
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Source:(Daly, 2010) 
Figure C.2  Dachs G83/1 Test Certificate (2-4)
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Source:(Daly, 2010) 
Figure C.3 Dachs G83/1 Test Certificate (3-4)
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Source:(Daly, 2010) 
Figure C.4 Dachs G83/1 Test Certificate (4-4) 
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D. Micro-Wind System  
D.1 Micro-Wind Inverter G83/1 Certification 
 
 Table D.1.1 Sungrow G83/1 Certification (1-3) 
 
Source:(Stone, 2010) 
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  Table D.1.2 Sungrow G83/1 Certification (2-3) 
 
   Source:(Stone, 2010) 
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Table D.1.3 Sungrow G83/1 Certification (3-3) 
 
 
         Source:(Stone, 2010) 
 
          
133                                                                                         
  MSc Renewable Energy and Energy Management (1236)                                                                Liam Murphy (B00456689)                                                               
D.2 Micro-Wind RoHS Certification 
 
 
Source:(EUT, 2010; Stone, 2010) 
         Figure D.2.1 Micro-Wind RoHS Certification (1-2) 
 
 
Note: the quality of the certificate is poor for readability purposes but this is all the 
author could obtain which illustrates an issue for presenting this certificate for 
verification purposes 
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Source:(EUT, 2010; Stone, 2010) 
Figure D.2.2 Micro-Wind RoHS Certification (2-2) 
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D.3 Micro-Wind CE Certification 
 
 
 
Source:(EUT, 2010; Stone, 2010) 
           Figure D.3.1 Micro-Wind CE Certification (1-2) 
 
Note: the quality of the certificate(s) is poor for readability purposes but this is all the 
author could obtain which illustrates an issue for presenting this certificate for 
verification purposes 
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Source:(EUT, 2010; Stone, 2010) 
Figure D.3.2  Micro-Wind CE Certification (2-2) 
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E. ESBN Form NC6  
 
 
Source:(ESBN, 2010c) 
Figure E.1 NC6 Connection Form (1-2) 
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Source:(ESBN, 2010c) 
Figure E.2 NC6 Connection Form (2-2)
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F. Data CD Attached to Back Cover
140                                                                                         
  MSc Renewable Energy and Energy Management (1236)                                                                Liam Murphy (B00456689)                                                               
 
